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Abstract 
Past research investigating stuttering has cited atypical cerebral lateralization in 
adults who stutter (AWS) during speech production.  The purpose of this study was to 
measure cerebral activation in AWS as indicated by lip asymmetry. The study included 
five AWS (mean age = 26 years of age) and five adults who do not stutter (AWNS) (mean 
age = 25 years of age). The tasks included single-word productions, single-sentence 
readings and lip pursings. The peak electromyographic (EMG) amplitude was determined 
for the left upper, right upper, left lower and right lower lip quadrants around the mouth. 
Overall, EMG amplitudes were higher for the lower lip than the upper lip. Based on 
examination of peak EMG amplitude, significant differences were found between speaker 
groups. For both speech and non-speech tasks, the highest EMG amplitude for the AWS 
and AWNS groups were on the left lower and right lower sides of the mouth, respectively. 
The AWNS group showed strong correlations in EMG activity across the four lip sites 
(r>0.97), indicating an overall synchronous lip activity during speech and non-speech 
tasks. In contrast, the AWS group showed a strong correlation (r=0.97) only for the left 
upper and left lower lips while the other lip pairings were not strongly correlated (r<0.738) 
indicating otherwise reduced synchronous lip activity. While the small sample size 
suggests caution, clear differences in the pattern of lip EMG activity demonstrated in the 
present study provides evidence of differences between AWS and AWNS in the cerebral 
activation governing lip movement. The greater left lip activity observed in AWS was 
indicative of greater right hemisphere cerebral activation while increased right lip activity 
was indicative of greater left hemisphere participation in AWNS. The results of the present 
study provided support for the hypotheses of reversed lateralization for speech and non-
speech processing and reduced coordination of speech musculature in AWS. 
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Introduction 
Stuttering is a speech disorder that occurs in about one percent of the population 
(Brown et al., 2005). Similar to other speech and language disorders, stuttering affects 
three to four times as many males than females (Bloodstein, 1987; Buchël & Sommer, 
2004).  The onset of stuttering usually occurs around three years of age, during periods of 
rapid cognitive, linguistic and motor development (Yairi & Ambrose, 2004; Weber-Fox, 
2001). About 80% of children recover naturally but recovery rates are higher in girls than 
boys and drop with increasing age (Howell, 2007; Packman et al., 2007).  About 50% of 
stutterers report a family history of stuttering (de Felicio et al., 2007), which has supported 
links to a genetic component to stuttering (Kent, 1983). In addition, motor coordination, 
linguistic constraints, emotion, and structural and functional anomalies, specifically in 
relation to brain organization have been cited as critical factors in stuttering (Bernstein-
Ratner, 1997; Bloodstein, 2006; Ezrati-Vinacour & Levin, 2004; Ingham et al., 2000; 
Jancke et al., 2004; Ludlow & Loucks, 2003; Yairi et al., 1996).  
 
Theories of Stuttering 
Despite intensive research, the exact cause of stuttering has remained elusive. 
Stuttering is a “complex, multidimensional problem that has defied a variety of simple, 
unidimensional explanations” (Conture, 1990). Numerous theories have been proposed for 
the disorder and, as yet, there is no unified theory that accounts for the various aspects of 
the disorder. Some of the more popular theories that address either the cause of stuttering 
or the moment of stuttering are presented below. 
The Anticipatory-Struggle Hypothesis (Bloodstein, 1987) describes stuttering as a 
consequence of a child’s negative experiences in talking which is based on a belief that 
speech is difficult. These negative experiences could result in a number of ways, including 
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a child’s hesitation during speech, the parents’ extremely high standards, or 
communicative pressures. Early disfluency (or Primary Stuttering) is a transient 
phenomenon if a child is not made aware that his speech is different. Consequently, if a 
child is alerted to his speech difference, later disfluency (or Secondary Stuttering) will 
ensue.  In Secondary Stuttering, anticipation, fear and avoidance are part of the stuttering 
phenomenon. Primary and Secondary Stuttering are driven by extrinsic factors such as the 
perceptions of others toward disfluencies.  
A variant of the Anticipatory-Struggle Hypothesis is the Diagnosogenic Theory 
(Johnson et al., 1959). This classic theory claims stuttering has its roots in the perceptions 
of others, or the “ear” of the listener.  Johnson (1944) reported that the speech of children 
who stutter (CWS) and children who do not stutter (CWNS) was practically 
indistinguishable. Johnson concluded that in almost every case of stuttering, the child was 
misdiagnosed by his parents, or other untrained judges. Similar to the Diagnosogenic 
Theory, the Demands and Capacities Model of stuttering suggests that extrinsic factors 
(i.e., demands) such as parental expectations or sibling competition contribute to stuttering 
(Johnson et al., 1959; Starkweather, 1987; Starkweather & Givens-Ackerman, 1997). 
Additionally, intrinsic factors (i.e., capacities) are also implicated. The capacities are traits, 
either innate or acquired which relate directly to the execution of speech production 
(Starkweather & Givens-Ackerman, 1997). Stuttering results when “a child’s capacity for 
fluency is not equal to speech performance demands” (Guitar, 2006).  
The Covert Repair Hypothesis (Postma & Kolk, 1993) suggests that stuttering is 
due to intrinsic factors. This theory regards disfluency as a product of self-monitoring 
during linguistic processing and does not make a distinction between normal disfluencies 
and stuttering. During the formulation of speech, the speaker realizes a linguistic error is 
about to be committed and attempts to correct the mistake prior to articulation. A 
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successful repair will result in fluent speech. However, a failed attempt at correction will 
result in disfluency. Failed attempts occur when the speaker tries to produce speech during 
the process of a covert speech repair, which subsequently leads to muscle tension and 
disfluency (Guitar, 2006). 
The Psycholinguistic Model of stuttering (Wingate, 1988) views the linguistic 
process of speech generation/production as a vital element in stuttering. Similar to the 
Covert Repair Hypothesis (Postma & Kolk, 1993), Wingate’s theory suggests that a 
moment of stuttering occurs because an individual is unable to move forward with his 
speech due to a linguistic error. Wingate points to faulty phonological encoding as the 
culprit. The pre-articulatory process specifically, the mistiming of syllable onsets and 
syllable rhyme retrievals causes speech arrest and failure to move past the syllable onset 
(Bernstein-Ratner, 1997).  
Perkins et al. (1991) proposed the Theory of Neuropsycholinguistic Function to 
describe stuttering. The theory credits two elements to the production of a stutter: time 
pressure and speech disruption. The interaction of time pressure and speech disruption 
results in stuttering which is experienced by the speaker as a loss of control. Speech 
disruptions occur when the linguistic and paralinguistic components are not in synchrony. 
The paralinguistic components or socio-emotional process is governed by the right 
hemisphere, while the linguistic aspects, such as language structure and content, are left 
hemisphere based (Guitar, 2006). This notion of stuttering associated with anomalous 
cerebral laterality has been explored since the 1920’s.  
 
Atypical Cerebral Architecture and Composition related to Stuttering 
Although atypical cerebral laterality has been proposed since the 1920’s, it was not 
until the advent of neuroimaging techniques that these speculations could be substantiated. 
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Neuroimaging studies have consistently reported a prominent “rightward shift” or lack of 
asymmetry in the brain of AWS (Foundas et al., 2003; Jancke et al., 2004). For example, 
Foundas et al. (2003) found atypical symmetry in the lobar architecture, whereby AWS 
showed right hemisphere temporal-parietal-occipital lobes that were larger or equal in 
volume to their left hemisphere homologues. In AWNS, the temporal-parietal-occipital 
regions typically display larger left than right hemisphere volumes. Further, the left 
prefrontal region in AWS was larger, a reversal of that seen in AWNS (Foundas et al., 
2003). In addition, the planum temporale (part of Wernicke’a area) and Heschl’s gyrus (the 
primary auditory cortex) located within the superior temporal gyrus were reported to be 
larger in the right hemisphere and more symmetrical in AWS when compared to AWNS 
(Foundas et al., 2001, 2003; Jancke et al., 2004; Strub et al., 1987). In right-handed 
AWNS, the leftward asymmetry of the planum temporale, which is involved in 
phonological encoding, is considered to be a marker of the left hemisphere specialization 
for language (Beal et al., 2007; Binder et al., 1996; Dorsaint-Pierre et al., 2006; Foundas et 
al., 1994; Hervé et al., 2006). Thus, the “rightward” asymmetry of the planum temporale in 
AWS may be an indication of reversed lateralization for language (Strub et al., 1987).  
Discrepancies have also been detected in regard to cerebral composition.  AWS 
feature larger volume of white matter in the right hemisphere while AWNS displayed 
larger volume in the left (Hervé et al., 2006; Jancke et al., 2004). In AWS, increased white 
matter was reported in the superior temporal gyrus, inferior frontal gyrus and middle 
frontal gyrus, all of which are involved in auditory and speech processing (Beal et al., 
2007; Jancke et al., 2004). Two structures located within the superior temporal gyrus of the 
right hemisphere, specifically the planum temporale and Heschl’s gyrus, also displayed 
greater white matter density in AWS than AWNS (Jancke et al., 2004). Differences in 
white matter composition may be a crucial component in hemispheric lateralization (Hervé 
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et al., 2006).  In addition, the white matter fiber tracts in the left Rolandic operculum of 
AWS appear to be less dense compared to AWNS (Sommer et al., 2002). CWS display a 
similar trend of reduced white matter integrity in the left Rolandic operculum (Chang et al. 
2008). White matter fibers link the sensory, planning and motor regions of the brain, and 
are made up mainly of myelinated axons which increase the conduction speed of action 
potentials (Robinson, 1998). Interestingly, Watkins et al. (2008) documented reduced 
functional activation in regions with lower white matter integrity specifically, the right 
premotor cortex and left ventral premotor cortex during sentence reading and auditory 
feedback in AWS.  The increased processing efficiency as a result of greater white matter 
density in the right hemisphere coupled with reduced white matter integrity of the left 
Rolandic operculum in AWS may favor language lateralization to the right hemisphere.  
Investigations of gray matter density in AWS have been equivocal. Jancke et al. 
(2004) reported no significant difference in the volume of gray matter between AWS and 
AWNS. In contrast, Beal et al. (2007) reported an increase of gray matter in AWS in the 
right and left superior temporal gyrus, left middle temporal gyrus and left inferior frontal 
gyrus (including the pars opercularis). Similarly, CWS showed increased volume of gray 
matter in the left and right superior temporal gyrus in comparison to CWNS (Chang et al., 
2008). Further, among these regions, the right superior temporal gyrus encompassing 
Heschl’s gyrus featured the greatest increase in gray matter in AWS (Beal et al., 2007; 
Kasai et al., 2003). In AWNS, the left pars opercularis1 and superior temporal gyrus 
encompassing Heschl’s gyrus demonstrate larger volume of gray matter than the right 
                                               
1
 In a study of intractable epilepsy, the density of gray matter in the pars opercularis was suggested to be 
a better indicator of language lateralization than the asymmetry of the planum temporale (Dorsaint-Pierre et 
al., 2006). In individuals who were right hemisphere dominant for language, the gray matter density was 
consistently greater in the right than left pars opercularis. This pattern was not reliably displayed by the 
planum temporale. The morphological asymmetry of the pars opercularis was postulated to reflect use-
dependent reorganization. 
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(Hervé et al., 2006). The bilateral increase of gray matter in the superior temporal gyrus of 
AWS and children with persistent stuttering which was not observed in AWNS or children 
who recovered from stuttering may be suggestive of alterations in the cerebral anatomy as 
a consequence of persistent stuttering (Chang et al., 2008). Additionally, the bilateral 
increase of gray matter in AWS may be suggestive of participation from both hemispheres 
for language processing which supports the hypothesis of lack of dominance. 
AWS also presented atypical gyrification. Foundas et al. (2001) reported three 
aberrations related to gyral patterns. This included the presence of an extra gyrus along the 
superior bank of the sylvian fossa and the frontal operculum. Secondly, AWS presented 
greater variability in gyral patterns which included arrangements that were confined solely 
to AWS. For example, a unique variation of the gyral pattern included the occurrence of a 
second diagonal sulcus resulting in an extra gyrus within the pars opercularis. Overall, 
there was a higher occurrence of atypical gyrification within the AWS group. AWS 
individuals featured an average of four anomalous configurations which was higher than 
AWNS individuals who averaged a single atypical configuration. These structural 
anomalies associated architecture and composition of the cerebrum may be an indicator or 
predictor of atypical hemispheric dominance and function.  
 
Stuttering and Cerebral Activation 
One of the earliest studies investigating cerebral laterality2 and stuttering was 
performed by Orton and Travis in 1927 (Bloodstein, 1987). Using electroencephalographic 
(EEG) techniques, they measured electrical activity of adults who stutter (AWS) and adults 
                                               
      
2
 The phenomenon of laterality can be categorized into functional, anatomical or behavioral events and is 
not a uniquely human occurrence. Tortoises have a right-handed disposition when righting themselves 
(Stancher et al., 2006). Even octopi have lateralized usage of the arms and eyes (Bryne et al., 2006). 
Additionally, zebrafish are more likely to turn right when startled by predators (Watkins et al., 2004). In 
right-handed human mothers, there is a tendency to hold babies in their left arms (Harris et al., 2000). There 
is also a preference to turn heads to the right when kissing (Güntürkün, 2003).  
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who do not stutter (AWNS). The results were compelling, indicating that AWS did not 
show left hemisphere dominance during speech. This observation was interpreted as a lack 
of hemispheric dominance in AWS (Travis, 1978) and would later be known as the Theory 
of Cerebral Dominance. Although the basis of this theory was not substantiated, its idea 
was paramount to later investigations into the neural basis of stuttering. Subsequent 
investigations have suggested that lateralization of hemispheric processing may be task 
dependent. For example, in AWS oral reading generated greater right hemisphere 
activation when compared to silent reading (De Nil et al., 2000).  In general, anomalous 
patterns of activation have been observed in AWS including (1) over-activation of the 
cortical and subcortical areas related to motor processing, (2) reduced activation in the 
regions associated with auditory processing and (3) atypical lateralization (Brown et al., 
2005).  These anomalous patterns of activation have been observed during disfluent and 
fluent speech in AWS. Additionally, several studies have documented alterations in 
cerebral activation following fluency treatment and evidence of right hemisphere 
compensation in AWS (De Nil et al., 2003; Giraud et al., 2008; Neumann et al., 2005). 
 
Disfluent Speech Production 
Anomalous cerebral activations and deactivations have been documented during 
disfluent speech production in AWS (Fox et al., 1996; Ingham 2004). During moments of 
stuttering, the motor system was over-activated with prominent right hemisphere 
lateralization of the primary and extraprimary cortices (Fox et al., 1996). In the primary 
motor cortex, the intensity of activation was similar in both groups but right lateralized in 
AWS and left lateralized in AWNS (Fox et al., 1996). Interestingly, the right superior 
lateral premotor cortex which documented greater activation during moments of stuttering 
was only weakly activated during imagined stuttering (Ingham et al., 2000). In addition, 
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tasks that were defined as disfluency-inducing such as solo reading (as opposed to chorus 
reading which was regarded as fluency-inducing) activated the left and right 
supplementary motor area in both groups but with greater intensity in AWS (Fox et al., 
1996; Ingham et al., 2000). Greater activity in the medial and dorsolateral prefrontal, and 
anterior cingulate cortices were also observed during moments of stuttering (Braun et al., 
1997). These regions are associated with speech and motor planning (Awh & Gehring, 
1999; Turner et al., 2006). 
In addition, during disfluent speech production, AWS activated regions that were 
not activated in AWNS including the left claustrum, left lateral thalamus and left globus 
pallidus, and the left and right insula (Fox et al., 1996; Ingham et al., 2000, 2004). These 
regions were not activated during fluent speech in AWS. The globus pallidus is a major 
component of the basal ganglia and is involved in motor control (Murdoch, 2004). Further, 
deactivation of the inferior frontal gyrus, an area associated with articulatory movement, 
was observed during stuttering (Ingham et al., 2004).  
During disfluent speech production in AWS, regions for processing sensory 
information documented reduced levels of activity (Braun et al., 1997). In addition, regions 
associated with self-monitoring, comprehension and fluency including the left inferior 
frontal and primary auditory cortices were activated in AWNS but not in AWS during 
disfluent speech (Braun et al., 1997). Stuttering was negatively correlated with greater 
activity in the primary auditory and auditory association cortices (Braun et al., 1997; 
Ingham et al., 2004). Additionally, bilateral activity of the cerebellum became strongly left 
lateralized during moments of stuttering (Fox et al., 2000; Ingham et al., 2004). Cerebellar 
activation was also more widespread in AWS than in AWNS (Fox et al., 1996; Braun et 
al., 1997). The cerebellum has been implicated in cognitive processing and is responsible 
for timing and coordination of sensorimotor actions (De Nil et al., 2001; Kent, 2004a). 
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Investigations of disfluent speech production have also focused on children. In a 
study using EEG technique, when asked to provide a narrative after listening to happy, 
angry and neutral background conversation, both CWS and CWNS displayed increased 
speech disfluencies with angry background conversation but CWS were observed to be 
more emotionally reactive and less effective at regulating their emotions than CWNS 
(Arnold et al., 2006).  CWS were observed to display greater left frontal activity during 
angry background conversation and greater right parietal activation during happy 
background conversation compared to CWNS. Although the study was limited to children, 
it provides insight into emotion and speech production in individuals who stutter. 
The results of these investigations positively correlate disfluent speech production 
with the over-activation of the right cerebral regions associated with speech and motor 
planning, and the left cerebellum in AWS (Fox et al., 2000). These studies are also 
suggestive of reduced capacity for auditory monitoring in AWS and further reinforce the 
hypothesis that right hemisphere participation results in the production of disfluent speech 
(Ingham et al., 2004; Moore & Lang, 1977).   
 
Fluent Speech Production 
Even in the absence of stuttered or overt speech production, differences in cerebral 
activation have been documented between AWS and AWNS (Biermann-Ruben et al., 
2005; Cuadrado & Weber-Fox, 2003). Two different investigations employing the  
hemispheric alpha-asymmetry technique recorded greater activation in the right 
hemisphere of AWS even in the absence of stuttering. In the first investigation, Moore and 
Lang (1977) documented greater left hemisphere activation (n=8) or equal bilateral 
activation (n=1) in AWNS during oral reading. In the AWS group, the trend was reversed 
with eight individuals displaying greater right hemisphere activation and surprisingly, two 
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individuals displayed greater left hemisphere activation. Wells and Moore (1990) 
investigated sentence repetition and also documented greater activation of right hemisphere 
in AWS. Wells and Moore suggest that AWS “might better be characterized as neglecting 
the left hemisphere, than over-utilizing the right”. These results support the notion of 
reversed laterality associated with linguistic processing in AWS.  
Similarly, PET studies have reported right hemisphere activation in AWS. Braun et 
al. (1997) reported bilateral activation of the medial and dorsolateral prefrontal cortices, 
superior anterior cingulate cortex and caudal orbital cortices in AWS.  These regions were 
left hemisphere activated in AWNS. The left middle temporal and inferior angular gyri, 
and left lateral occipital cortices were activated in AWNS but not in AWS. Additionally, 
activation of the right caudate nucleus and right inferior anterior cingulate cortex was 
unique to the AWS group. The caudate nucleus (which is part of the basal ganglia) and 
anterior cingulate cortex are associated with planning and execution of motor sequences 
(Awh & Gehring, 1999; Fan et al, 2007; Nolte, 2001; Turner et al., 2006). In general, a 
greater proportion of activity was documented in the left hemisphere for AWNS, while 
AWS displayed right hemisphere lateralization even during non–linguistic oral movements 
(Braun et al., 1997).  
De Nil et al. (2000) reported analogous pattern in cerebral activation during oral 
single-word reading tasks.  Although bilateral activation of both hemispheres was 
observed, cerebral activity was mainly lateralized to the left hemisphere in AWNS and to 
the right hemisphere in AWS. In AWNS, the left cingulate cortex, a region associated with 
memory and visual imagery displayed significant levels of activity. Interestingly, left 
hemisphere activation in AWS was restricted to the cuneus region which is also associated 
with visual imagery. The cuneus region encompasses the upper half of the primary visual 
cortex (Nolte, 2001). In the right hemisphere, the frontal motor cortex including the  
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dorsolateral prefrontal cortex (Brodmann Area 9 and 46) and the supramarginal cortex, 
which are associated with phonological encoding, were prominently activated in AWS. 
The dorsolateral prefrontal cortex which is associated with motor planning includes the 
right hemisphere homologue of Broca’s area. The right lateralization of activity in AWS 
may imply greater reliance on the right hemisphere for linguistic processing. In addition, 
Watson et al. (1994) documented greater right activation in the middle temporal and 
inferior frontal regions of a subgroup of AWS who were identified as linguistically 
impaired. A similar observation was made by Foundas et al. (2003). In addition, the study 
by Foundas and colleagues reported a positive correlation between reduced prefrontal and 
occipital lobe volumes and linguistic deficits.  
In addition to the cerebrum, anomalous lateralization has also been observed in the 
cerebellum. The cerebellum is involved in processing sensory information and motor 
control particularly, in timing and error correction of movement (De Nil., 2004; Nolte, 
2001). During paragraph and single word readings, the cerebellum displayed bilateral or 
left-lateralized activity in AWS (De Nil et al., 2000; Fox et al., 2000). In AWNS, activity 
of the cerebellum was bilateral or right lateralized (Fox et al., 1996, 2000). Cerebellar 
activity was more widespread in AWS when compared to AWNS during fluent and 
disfluent speech (Fox et al., 2000).  
Further, anomalous sequencing and delayed cerebral activation have also been 
reported using magnetoencephalography (MEG) technique. Salmelin et al. (2000) detected 
disparities between AWS and AWNS in the timing of cortical response prior to readings of 
visually presented single-words.  In AWNS, the left inferior frontal region was activated 
prior to the motor cortex.  A reversal in sequence was observed in AWS, in which 
activation of motor programming was antecedent to articulatory coding. In addition, 
Biermann-Ruben et al. (2005) reported  delayed activation of  the left  Rolandic operculum 
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in AWS by 100 ms when compared to AWNS during word repetition. In AWS, the left 
Rolandic operculum is associated with reduced intergrity of white matter (Sommer et al., 
2002). In addition, activation of the right Rolandic operculum (right homologue of Broca’s 
area) was restricted to AWS (Biermann-Ruben et al., 2005). Increased fluency was 
correlated with greater right frontal operculum activity (Preisbich et al., 2003). 
Interestingly, AWNS with left frontal opercular damage have been observed to recruit the 
right frontal operculum during tasks requiring its left hemisphere homologue (Raichle, 
1996) which supports the hypothesis that the right frontal operculum may play a 
compensatory role in stuttering (Preibisch et al., 2003).  These observations of atypical 
motor processing and delayed activation may be a consequence of hemispheric 
interference and/or reduced efficiency of the left hemisphere (Webster, 1990). In addition, 
impaired processing efficiency and performance may be a consequence of neural 
competition for resources (Perkins et al., 1991; Rastatter & Dell, 1987). 
Results of these investigations suggest reversed dominance for speech processing in 
AWS, even in the absence of stuttering. In AWNS, speech processing occurs in the left 
hemisphere which is better suited to process segmental, time-dependent information such 
as language (Guitar, 2006). In contrast, speech processing in AWS occurs in the right 
cerebral hemisphere which is better suited for processing non-segmented, time-
independent information including visuo-spatial processing (De Nil et al., 2003; Moore, 
1984; Moore & Lang, 1977). Consequently, processing linguistic information in the right 
hemisphere will result in disfluency (Moore & Lang, 1977).    
 
Cerebral Activation following Fluency Treatment  
Temporary fluency methods, such as singing, have been shown to activate the left 
hemisphere, primary auditory and auditory association cortices in AWS which remain 
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inactive during speech production. These same areas are activated during speech and voice 
monitoring in AWNS (Guitar, 2006). Fluency enhancing procedures purportedly reduce 
burden on the frontal areas and augment the sensory processing of the brain’s posterior 
regions (Gordon, 2002). Following fluency treatment, several studies have reported 
decreased activation of the right hemisphere and increased activation in the left posterior 
frontal areas in AWS (Boberg et al., 1983; De Nil et al., 2003). 
Changes in cerebral lateralization as indicated by increased alpha suppression of 
the left hemisphere following EMG biofeedback therapy have been documented (Moore, 
1984). Post-treatment, AWS participants were more fluent and feature greater left 
hemisphere participation. Fluency techniques utilizing cancellation and speech rate 
modification have achieved similar results. Prior to treatment, AWS displayed greater 
disfluency and right hemisphere alpha suppression for speech and non-speech 
(visuospatial) tasks (Boberg et al., 1983). Boberg et al. postulate reduced inhibitory 
capacity of the left hemisphere as a basis for right hemisphere participation in linguistic 
processing in AWS. After treatment, AWS display reduced right hemisphere activation for 
speech tasks. As expected, activation patterns did not change for visuospatial tasks where 
greater right hemisphere participation was required.  
Several other studies have also reported increased left hemisphere activation 
following fluency treatments that emphasize speech modification techniques including 
gentle onset, soft articulatory contact, syllable prolongation, etc. (De Nil et al., 2003; 
Giraud et al., 2008; Neumann et al., 2005). In a study of long- and short-term treatments of 
AWS, De Nil et al. (2003) reported overall reduction in the intensity of activity levels 
immediately following treatment. This reduction was most apparent in the region of the 
motor cortex. Additionally, greater distribution of activity was observed in the left 
hemisphere while right hemisphere activity became less widespread. This trend towards 
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reduced intensity and limited distribution within the right hemisphere was still apparent a 
year after treatment. The insula (which has been linked to articulatory planning) and the 
superior temporale gyrus which were strongly right lateralized prior to treatment, became 
left lateralized immediately following treatment (Prince et al., 2003). This shift in 
lateralization was still apparent a year after treatment. In contrast, cerebellar activity 
became right lateralized. Following treatment, increased activity in the cerebellum, and left 
frontal and temporal cortices were directly correlated with fluent speech. Increased 
activation of these regions is suggestive of greater sensory and motor monitoring of speech 
as a consequence of fluency techniques (De Nil et al., 2001). Although activation patterns 
were not identical to those of AWNS a year after treatment, a general reduction in intensity 
of activation and shift towards “normalized” pattern of activation were observed in AWS.  
In addition to the observations made by De Nil et al. (2003), Neumann et al. (2005) 
documented reduced activity in the right frontal cortex, and increased activity in the left 
anterior cingulate cortex and in the region adjacent to the left Rolandic operculum. 
Reduced white matter integrity has been observed in the left Rolandic operculum (Sommer 
et al., 2002). Increased activation of the region adjacent to the left Rolandic operculum was 
still evident two years after therapy. Neumann et al. proposed that recruitment of neural 
resources in the vicinity of the left Rolandic operculum is probably linked to deactivation 
of its right homologue within the right frontal cortex. In other words, activations seen in 
the region adjacent to the left Rolandic operculum is a consequence of neural 
reorganization and/or compensation and is suggestive of neural plasticity in AWS, similar 
to those seen in stroke patients (Neumann et al., 2005). Areas that featured reduced 
activation prior to treatment including the left precentral and occipital regions were 
unaffected by the fluency treatment. 
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Stuttering has also been linked to basal ganglia disfunction specifically, affecting 
timing in speech production (Alm, 2004; Mulligan et al., 2003). The similarity between 
stuttering and disorders affecting the basal ganglia such as Parkinson’s has further 
reinforced this hypothesis. Analogous to Parkinson’s patients, external cues prompt fluent 
motor production in AWS (Giraud et al., 2008). In addition, Giraud et al. (2008) reported a 
positive correlation with activity in the caudate nucleus (which is part of the basal ganglia) 
and stuttering severity before fluency therapy. This correlation was not observed following 
fluency treatment. Activity levels of the caudate nucleus “normalized” after treatment, 
increasing in less affected AWS who displayed low levels of activity prior to treatment, 
and decreasing in more affected AWS who displayed higher levels of activation prior to 
treatment. The disparity in caudate activity is suggestive of differences associated with 
motor execution within the AWS group as a function of stuttering severity. In general, 
caudate activation has been observed to decrease in the initial stages of motor learning but 
increase after learning was completed and maintenance of the speed of movement was 
required (Giraud et al., 2008). For individuals with severe stuttering, fluency therapy 
required learning new motor sequences related to speech production while in individuals 
who were less severe complete re-learning was not necessary (Giraud et al., 2008). 
Evidence of right frontal opercular compensation was also reported by Giraud and 
colleagues. Prior to therapy, AWS who were more severely affected featured lower 
activation of the right frontal operculum than AWS who were less affected. Giraud et al. 
cites the lack of inhibitory control by Broca’s area, its left hemisphere homologue as cause 
for activation of the right frontal operculum. The study by Giraud et al. did not present data 
related to the right frontal operculum after therapy.  
Following treatment, a reduction in overall intensity of cerebral activation and 
greater distribution of activity in the left hemisphere regions associated with speech were 
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observed. The activation pattern in AWS following therapy suggests a shift towards more 
“normalized” lateralization of speech processing that favors the left hemisphere. The 
pattern of cerebral activation during fluent and disfluent speech before and after therapy 
suggests that stuttering is associated with anomalous cerebral laterality related to anatomy 
and activity that favors the right hemisphere. Consequently, these documented anomalies 
may be associated with atypical function (Foundas et al., 2003). 
 
Stuttering and Functional Laterality 
Stuttering has also been linked to atypical auditory processing (Howell et al., 
2006). Brady and Berson (1975) performed a dichotic listening experiment where AWS 
and AWNS participants listened to different syllables presented two seconds apart. They 
were then asked to select the syllable they heard from a list. Female AWS were the only 
participants (from a group comprising of AWS and AWNS of both sexes) who were less 
likely to present a right ear advantage. In addition, Blood and Blood (1989) reported a 
negative correlation between right ear advantage and stuttering severity. Foundas et al. 
(2004) also presented evidence for atypical auditory processing. Left-handed male AWS 
were found to have a left-ear bias in a non-directed attention task and were better at 
shifting auditory attention than AWNS. On the other hand, right-handed female AWS 
failed to show ear bias in either direction and were less successful at shifting attention. In 
contrast, Newton et al. (1986) reported a left ear bias in right-handed AWS. Differences in 
ear advantage among the AWS are suggestive of heterogeneity in the mode of auditory 
processing within the group. In addition, AWS group outperformed AWNS in left ear 
accuracy in two different test conditions: (1) when only two stimuli were presented 
concurrently and (2) during multi-stimuli presentation without overlap (Newton et al., 
1986). The pattern of auditory advantage manifested by AWS suggests a link between the 
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atypical size and symmetry of the planum temporale and Heschl’s gyrus (which are 
involved in auditory processing) and left ear advantage (Foundas et al., 2003). Further, 
moments of disfluency are associated with reduced activation of the auditory regions while 
fluent speech features greater activation of the same regions (Fox et al., 1996). Stager et al. 
(2003) also reported greater activation of the auditory regions in the left cerebral 
hemisphere during fluency evoking tasks and more bilateral activation under normal 
speech production conditions (Stager et al., 2003).  
In addition to auditory processing, other indices of lateralization including visual 
processing have been investigated in stuttering. In unilateral tachistoscopic stimulation 
tasks, AWS did not differ from AWNS in displaying a right visual field advantage but 
required longer processing durations (Johannsen & Victor, 1986; Rastatter et al., 1987).  
However, AWS performed better than AWNS in left visual field identification (Johanssen 
& Victor, 1986; Rastatter & Stuart, 1995). Longer processing durations related to the left 
cerebral hemisphere (right visual field) and better performance associated with the right 
hemisphere (left visual field) are suggestive of reduced efficiency of the left hemisphere 
and/or greater dominance of the right hemisphere in AWS. As a consequence of 
interhemispheric processing, AWS may require longer processing times. Rastatter et al. 
(1987) postulates that in AWS written material is processed in the left hemisphere but final 
analysis of information is performed by the right hemisphere regardless of which side of 
the visual field was stimulated (Rastatter et al., 1987). Alternatively, the longer processing 
times required by the left hemisphere may not be due to reduced efficiency but its inability 
to inhibit right hemisphere participation. Sussman (1982) proposes that stronger 
lateralization of one hemisphere will reduce interhemispheric processing. Thus, 
participation of the right hemisphere may be indicative of reduced left hemisphere 
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dominance in AWS. These outcomes suggest AWS possess atypical cerebral organization 
and/or impoverished resources and consequently, display reduced processing efficiency.  
Other attempts to assess hemispheric dominance and fluency in AWS have focused 
on handedness. In one of the earliest treatments intent on shifting cerebral dominance, 
Travis (1978) placed the left forearm and hand of AWS in a plaster cast to force the 
individuals to use only the right forearm and hand for tasks normally done with the left 
hand. Although the treatment did not reduce stuttering, it suggested a link between cerebral 
laterality and fluency. Recent studies into handedness suggest AWS have poorer bimanual 
coordination, and reduced writing quality (Fitzgerald et al., 1984; Greiner et al., 1986a, 
1986b; Vaughn & Webster, 1989; Webster, 1988; Zelanik et al., 1997). AWS also 
presented more mirror reversals for writing, diminished left hand organization and greater 
discrepancy between left and right hand performances than AWNS (Fitzgerald et al., 
1984). When asked to write numbers concurrently with both hands, right-handed AWS 
demonstrated more mirror reversals with their left hand than their right hand. Mirror 
reversals were not observed in AWNS.  In addition, the left hand of AWS produced 
writings that were less aligned and less legible when compared to the performance of their 
right hand and AWNS (both hands). A similar trend was observed in non-handwriting 
functions. Vaughn and Webster (1989) tested bimanual manipulation of right-handed 
individuals in common tasks such as dealing cards, dialing a telephone and removal of nut 
from bolt. AWS were slower than AWNS in all tasks. The most significant difference was 
detected during the nut and bolt exercise where participants were asked to rotate and 
remove the nut without turning the shaft. The left hand performance was not significantly 
different for both groups. However, the right hand performance of AWS was significantly 
slower than AWNS. The right hand performance of AWS during bimanual writing and 
manipulation Webster (1990) suggests the reduced capacity for concurrent motor 
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processing is a product of interhemispheric interference and/or reduced efficiency of the 
left hemisphere. 
In a bimanual coordination task requiring concurrent tapping of the index finger of 
both hands, AWS performance was not significantly different from AWNS (Hulstijn et al., 
1992). In contrast, during bimanual coordination requiring synchronous speech production 
and finger tapping, AWS demonstrated poorer coordination when compared to AWNS 
(Hulstijn et al., 1992). For the speech and finger tapping task, participants were required to 
vocalize the word “pip” and tap the index finger of their dominant hand in synchrony. The 
reduced coordination demonstrated by both right-handed (n=11) and left-handed (n=1) 
AWS maybe suggestive of reduced left hemisphere efficiency for dual processing 
particularly, when speech is involved. In AWNS, both the right index finger tapping and 
speech processing tasks were left hemisphere lateralized. Alternatively, AWS may process 
finger taps in the left hemisphere and speech in the right hemisphere. The interhemispheric 
processing or interference from the right hemisphere may result in reduced coordination. 
In addition, aspects of bimanual coordination involving the feet have also been 
examined in AWS. When asked to tap fingers in tandem with the foot, AWS failed to 
display the same right foot bias observed in AWNS (Forster & Webster, 1991). The finger 
tapping performance of AWS was similar with either left or right foot movements. For 
AWNS, left foot tapping was more disruptive to finger movements than right foot taps. 
The pattern of foot interference demonstrated by AWS may be indicative of a weak 
preferential rightward attention shift or a weak left hemisphere lateralization when 
compared to AWNS (Bishop, 1990).  
The results of these studies indicate that AWS appear to be less efficient than 
AWNS in non-speech processing that requires left hemisphere participation, but in 
requisite right hemisphere events, AWS appear to be equally skilled or more efficient than 
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AWNS. The atypical functional performance observed in AWS maybe a manifestation or 
consequence of anomalous cerebral architecture and/or activation (Foundas et al., 2003).  
EMG and Stuttering 
 EMG has played an important role in stuttering research. The methodology 
involves a relatively non-invasive procedure and accordingly, has also been utilized as a 
treatment tool to promote the reduction of muscular activity as stuttering has been 
associated with abnormally high muscle activity (de Felicio et al., 2007).  Stuttering is 
often regarded as a corollary of aberrant speech muscle coordination (McClean & Tasko, 
2004). In line with that hypothesis, numerous EMG studies in stuttering have been devoted 
to examination of speech musculature, particularly the larynx, jaw, tongue and lips. The 
larynx has been cited as the locus of breakdown in stuttering (Freeman, 1977, as cited in 
Freeman, 1979; Freeman & Ushijima, 1978; Gautheron et al., 1973; Wyke, 1969). Poor 
voice quality, abnormal prosody and timing have been ascribed to abnormal laryngeal 
behavior in AWS (Van Riper, 1982). Three key anomalies are associated with the larynx 
during a moment of disfluency: (1) disproportionately high levels of muscle activity (2) 
incongruous eruptions of activity and (3) atypical abductor-adductor coordination 
(Freeman, 1977, as cited in Freeman, 1979; Freeman & Ushijima, 1978; Shapiro, 1980).  
Naturally (although controversial), the treatment of stuttering has included the reduction of 
laryngeal tension via EMG biofeedback (Guitar, 1975; Hanna et al., 1975; Hasbrouck & 
Lowry, 1989; Moore, 1984; Prosek et al., 1978).  
EMG research has also examined mandibular muscles. Several studies contend that 
mandibular tremor observed during moments of stuttering is a result of muscle contractions 
generated in attempt to produce speech and is similar to those produced in other muscle 
systems (McClean et al., 1984; Platt & Basili, 1973). Lanyon et al. (1976) were able to 
reduce masseter muscle activity in six AWS during approximately 18 hours of training. 
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The reduction in EMG activity was correlated with increased fluency for short utterances. 
Platt and Basili performed an EMG examination of three AWS with discernible 
mandibular tremor during moments of stuttering.  Results indicated elevated EMG signals 
during both stuttered monosyllabic and multisyllabic utterances, as well as during non-
speech jaw opening/closing maneuvers. In addition, Sheehan and Voas (1954) (as cited in 
Bloodstein, 1987) found the EMG signal to increase and peak toward the end of a stutter 
(Sheehan & Voas, 1954, as cited in Bloodstein, 1987). Travis (1934) found asynchronous 
levels of jaw muscle activation during moments of stuttering, whereby an increase of 
activity on one side of the jaw was accompanied by a decrease in activity at the opposing 
side.  
The role of the tongue in a variety of speech disorders has a long documented 
history. The term “tangled-tongue” is often used to describe stuttering (Carlise, 1985). 
Therefore, it is not surprising that in the search for the etiology of stuttering the role of the 
tongue has been evaluated. More recently, aberrant levels of tongue activity were identified 
by Shapiro (1980) who recorded excessively high EMG levels in the longitudinalis 
superior muscle (i.e., an intrinsic muscle of the tongue). In general, moments of stuttering 
are found to correlate with exceptionally high levels of tongue activity (Freeman, 1977 as 
cited in Shapiro, 1980; Thurmer et al., 1983 as cited in Bloodstein, 1987).  
Elevated levels of EMG activity have also been recorded in the lip muscles of AWS 
(van Lieshout et al., 1993). Code (1979) examined moments of stuttering in AWS 
compared to pseudo-stuttering produced by AWNS and found larger amplitude and longer 
durations of EMG activity during the stutter of an AWS than during a pseudo-stutter 
produced by AWNS. However, EMG amplitude and duration were indistinguishable 
during fluent passage reading between AWS and AWNS. van Lieshout et al. (1993, 1996a) 
examined fluent speech in AWS and likewise, reported longer EMG durations, higher 
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amplitudes and increased latency compared to AWNS speakers. Interestingly, periods of 
silence were also correlated with high levels of EMG signals in AWS (Shapiro, 1980). 
These results suggest lower muscle restraint and/or lower threshold for stimulation in AWS 
(Starkweather, 1995; McClean, 1996).  
Discoordination and mis-sequencing of the lip muscles has also been detected in 
AWS. Lip muscles were activated in reverse order with the lower lip activated prior to the 
upper lip (Hulstijn et al., 1992; van Lieshout et al., 1996b).  AWS displayed slower 
movement onset for both the lower and upper lips, and featured longer duration between 
lip onset and peak EMG activity in comparison to AWNS (Hulstijn et al., 1992; van 
Lieshout et al., 1996b). In addition, AWS demonstrated more variability in duration 
between voice onset and onset of lower lip movement (Janssen et al., 1983). Within the 
lower lips, the depressor labii inferioris (DLI) was activated earlier than the depressor 
anguli oris muscle (DAO), a reversal of the  pattern seen in AWNS (Guitar et al., 1988).  
In general, investigations into stuttering coupled with EMG concur on three major 
findings during or prior to a moment of stuttering:   (1) elevated levels of muscle activity in 
various speech musculature (2) longer durations of muscle activity and (3) atypical muscle 
behavior compared to AWNS.  
 
EMG and Laterality in Non-Stuttering Groups 
Handedness and language ability are two of the most prominent expressions of 
laterality3 (Corballis, 2003; Sainburg, 2005; Sun & Walsh, 2006). Hand preference usually 
for the right, is present as early as 12 to 27 weeks gestational age (Knecht et al., 2000; 
McCartney & Hepper, 1999; Sun & Walsh, 2006). About 90% of individuals are right-
                                               
      
3
 The right shift theory (Annett, 1972) proposes that cerebral dominance and handedness are affected by 
the right-shift gene (RS+). RS+ inhibits right hemisphere dominance for language and favors right-
handedness. Accordingly, handedness and cerebral organization in individuals without RS+ develop by 
chance. 
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handed in terms of preference and dexterity with language and praxis functions lateralized 
to the left hemisphere; and visuospatial and attentional functions lateralized to the right 
(Rosenfield, 1980; Beaton, 1985; Hervé et al., 2006). Surprisingly, 27% of left-handed 
individuals have cerebral lateralization similar to right-handed individuals (Van Agtmael et 
al., 2003). In contrast, only 4% of right-handed individuals have right cerebral dominance 
similar to left-handed individuals (Van Agtmael et al., 2003). Bishop (1990) and Corballis 
(2003) propose that increased motor skills resulted from lateralized function of the hand. 
Sainburg (2005) furthers the proposal by suggesting that the cerebral hemispheres and their 
contralateral limbs are dedicated to different but specific functions. When comparing hand 
responses, Sainburg found the non-dominant arm to be better adapted to load 
compensation and reaching the target location. The dominant arm overcompensated for 
added weight, was significantly less precise in final positioning but better at sustaining 
velocity and trajectory of movement. In short, the left cerebral hemisphere is adapted for 
motor precision and movement velocity, while the right hemisphere is better at spatial 
tasks and motor functions in right handed individual (Haaland & Harrington, 1996; 
Sadeghi et al., 2000). Hemispheric specialization and accordingly, hemispheric 
lateralization enhances motor skills and processing by expanding the neural resources 
available (Maupas, 2002; Sainburg, 2005). 
In addition to hand usage, lateralization has also been observed for cognitive 
processing which is postulated to maximize the neural resources available. Diekhoff et al., 
(1978) postulated that the reduction of extraneous activity as a measure of cognitive 
processing can be observed in limbs which are contralaterally innervated. In support of 
their hypothesis, the right arm presented significant reduction in muscle activity during 
verbal recognition processing executed by the left hemisphere. Similarly, during facial 
recognition processing executed by the right hemisphere reduced muscle activity was seen 
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in the left arm. EMG levels were quantified against the baseline measurement of muscle at 
rest. Even in the absence of overt cognitive or motor processing, muscle potentials (at rest) 
were lateralized. Ruggieri and Sabatini (1982) examined the resting muscle potential in 40 
self-reported right-handed females. Despite a right hand preference (and consequently left 
hemisphere dominance), about 52.5% of participants exhibited a larger resting potential on 
the left side of the neck, wrist, and face. About 40% evinced larger resting potential on the 
right and only 2% did not show muscle dominance on either side. In contrast, Schwartz et 
al. (1979) reported overall higher resting potential on the left than right side of the face in a 
study which included equal number of right-handed male (n=10) and female (n=10) 
participants. The results of these studies suggest that muscle resting potential may be 
related to gender, with males displaying larger resting potential on the left side of the face. 
In general, male faces are larger on the left while female faces are larger on the right 
(Schmidt et al., 2006). Interestingly, muscle potential recorded from the right dominant 
individuals was greater than the muscle potential recorded from left dominant individuals.  
Disparities in resting potential may be related to differences in neural input to the 
corresponding muscles (Gabriel et al., 2006).  
One of the most intriguing issues to arise from EMG studies is the notion of 
laterality and facial expressions. Darwin is credited with the first study on facial 
asymmetry of expression. His impetus was the phenomenon of the one-sided human sneer 
which he equated to a dog baring its teeth (Fridlund, 1988). Current studies on facial 
asymmetry are based on the principle of cerebral involvement. The Right Hemisphere 
Hypothesis states that the right cerebral hemisphere is dominant for emotional expression 
(Borod et al., 1988). The Valence Hypothesis makes a distinction between positive and 
negative emotions with the right hemisphere controlling the expression of negative 
emotions and left hemisphere controlling the expression of positive emotions (Davidson, 
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1992; Davidson et al., 2000). In other words, during the expression of negative emotion, a 
person would exhibit greater emphasis in the left side of the face. Positive emotion would 
be exhibited in greater emphasis on the right side of the face.   
Dimberg and Petterson (2000) required 16 right-handed males and an equivalent 
number of right-handed females to view happy and sad faces. Their passive reactions to the 
images were recorded from the left and right corrugator supercilii muscle (CS) and 
zygomatic major muscle (ZM) of their own faces. Happy faces were found to elicit larger 
muscle activity at the ZM, while angry faces produced a larger response from the CS. The 
CS muscle, which is involved in drawing down the eyebrows is also known as the “grief 
muscle” (Sirota & Schwartz, 1982). The left side of the face recorded greater levels of 
muscle activity for both happy and sad faces.  Zhou and Hu (2006) measured ZM and CS 
activity from participants (11 right-handed males & 26 right-handed females) asked to 
physically express happy or sad faces. Happy poses induced the largest muscle activity at 
the left ZM. Sad poses generated the largest EMG activity in the left CS. Both studies 
(Dimberg & Petterson, 2000; Zhou & Hu, 2006) confirm the Right Hemisphere Hypothesis 
for expression of emotion. That is, regardless of the type of emotion, the left side of the 
face is most active. Alternatively, results from Schwartz et al. (1979) tend to support the 
Valence Hypothesis. Facial lateralization was found to be dependent upon type of emotion.  
Larger right facial muscle or left cerebral activation was perceived for positive emotion, 
while negative emotion was lateralized to the left facial muscles or right cerebral 
hemisphere.  
Unlike the upper facial muscles which are bilaterally innervated, the lower facial 
muscles are contralaterally innervated, with the largest group associated with the mouth 
(Graves et al., 1982; Martini, 2006).  Therefore, evaluations of cerebral lateralization and 
facial asymmetry must incorporate lower facial muscles including those of the lips 
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(Thompson, 1982). Laterality of mouth movement during speech is an observable 
phenomenon even to the untrained eye and can be substantiated by EMG. Mouth 
asymmetry is directly correlated with the degree of hemisphere participation (Cacioppo & 
Petty, 1979; Graves & Landis, 1990). Wohlert and Larson (1991) recorded a subtle pattern 
of earlier movement onset for the right versus left lip during lip protrusion. In addition, 
Wohlert and Hammen (2000) recorded greater right than left lip activity during reading. 
Contralateral innervation of the lip muscles by facial nerve VII suggests that greater right 
mouth opening bias and muscle activity is a consequence of larger left cerebral hemisphere 
contribution and vice versa (Graves et al., 1982; Graves & Potter, 1988; Graves & Landis, 
1990; Martini, 2006). Differences in muscle activity were even more pronounced with fast, 
loud and precise articulations. In addition to the left-right asymmetry of lip activity, 
differences between the upper and lower lips have also been reported. Wohlert and 
colleagues documented greater levels and more continuity of activity in the lower lips than 
the upper lips (Wohlert & Goffman, 1994; Wohlert & Hammen, 2000). Wohlert and 
Hammen propose that muscles in the lower lips are associated with lip opening and closing 
while muscles of the upper lips are associated with lip closing and rounding, thus, greater 
continuity of activity can be observed in EMG signals recorded from the muscles of the 
lower lips. The observations made by Wohlert and colleagues substantiate other 
investigations suggesting that the upper and lower lips are organized into non-overlapping 
quadrants under distinct neural control even during coordinated events (Abbs, & Gracco, 
1984; Goffman & Smith, 1994; Gracco & Abbs, 1985; McClean, 1996). 
There is a growing body of research that has examined the link between speech and 
emotion (Batliner et al., 2008; Busso & Narayanan; 2007; Egloff et al., 2006). Speech is 
assumed to carry information about a person’s attitude and stress level (Lazarus, 1999; 
Wichmann, 2000). Cast within the framework of laterality and facial expression, the EMG 
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results obtained for speech production do not easily fit the Right Hemisphere Hypothesis. 
In contrast, if speech is linked to emotion, the results for speech production may fit the 
Valence Hypothesis. Assuming speech production is typically associated with positive 
emotion, such emotion would be evident on the right side of a speaker’s face. Interestingly, 
there are reports that “full blown” emotion competes for control with the cognitive system 
that underpin fluent speech (Cowie & Cornelius, 2003).  
 
EMG and Laterality in Stuttering Groups 
Past research examining a wide range of anatomical and physiological parameters 
has found AWS to differ from AWNS. Specifically, research examining various aspects of 
cerebral laterality in AWS has shown: (1) (over)activation of the right hemisphere, (2) 
deactivation of auditory areas, (3) rightward or lack of asymmetry in the planum temporale 
and (4) increased white matter in the right hemisphere. These results would seem to 
confirm that AWS differ from AWNS at the “highest” level of speech organization and 
production. While there is evidence to suggest that peripheral motor system (e.g., limbs) 
are also indicative of laterality differences between AWS and AWNS, there has been little 
research examining laterality in the peripheral speech structures. That is, are laterality 
differences observed between AWS and AWNS present at the “lowest” level of speech 
organization and production?  
The suggestion of laterality differences between AWS and AWNS near the end 
point of the speech chain is evident in EMG research. These studies found AWS to show 
(1) increased EMG activity, (2) longer periods of EMG activity, (3) delayed movement 
onset and (4) asynchronicity of muscle coordination compared to AWNS. While there is a 
great deal of research examining EMG and, by the same token, cerebral laterality in AWS, 
there have been few attempts to determine whether the laterality found at higher levels of 
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speech organization are also present in the anatomical structures directly involved in 
speech production, specifically the lips. Lip laterality associated with cerebral lateralization 
can ascertained non-invasively at the moment of speech production via EMG. 
Accordingly, the research question posed in the present study was, “Do AWS differ from 
AWNS in the laterality of lip EMG signals?”  
In addition, there have been few attempts to consider the possible influence of 
emotion as a contributing factor to cerebral laterality differences between AWS and 
AWNS. This is particularly striking as negative emotion has been cited a component of the 
stuttering experience (Craig et al., 2003; Ezrati-Vinacour & Levin, 2004). Szelag et al. 
(1997) investigated the link between neuroticism and cerebral laterality in adolescents who 
stutter. The study reported better performance of the right hemisphere in adolescents 
without stutter and moderately neurotic adolescent with stutter during a facial recognition 
test. In contrast, highly neurotic adolescents who stutter displayed better performance with 
their left hemisphere for a task typically associated with the right hemisphere. The results 
of this study suggest cerebral laterality maybe influenced by the state of emotion. Based on 
past research examining laterality in AWS and AWNS, as well as research examining 
laterality in facial expression, a test of the two laterality hypotheses was performed. The 
Right Hemisphere Hypothesis states that the right cerebral hemisphere is dominant for (all) 
emotional expression.  Assuming speech production arouses an emotional response, this 
hypothesis would predict that both AWS and AWNS would show greater EMG lip 
activation on the left side of the face. However, if AWS demonstrate stronger emotional 
expression with speech as a result of their stuttering, it is also possible that the AWS may 
show greater EMG lip activation on the left side of the face compared to AWNS.  
Alternatively, the Valence Hypothesis makes a distinction between positive and 
negative emotions with the right hemisphere controlling the expression of negative 
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emotion and the left hemisphere controlling the expression of positive emotions (Davidson, 
1992; Davidson et al., 2000). Brain imaging studies have further demonstrated activation 
of the right prefrontal regions of the cerebral hemisphere for negative emotions (Erk et al., 
2007). Assuming speech production among AWS is generally associated with negative 
emotion, the Valence Hypothesis would predict that AWS would show greater EMG lip 
activation on the left side of the mouth, while AWNS would likely show greater lip EMG 
activation on the right side of the mouth.  
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Statement of problem 
Stuttering is associated with anomalous cerebral laterality that favors the right. To 
date, research into stuttering has revealed differences in anatomy, neural activation and 
speech movements between AWS and AWNS (De Nil et al., 2000; Jancke et al., 2004; 
Moore & Lang, 1977; van Lieshout et al., 1993). These studies indicate that the perceived 
discrepancies translate into speech production even though the speech differences may be 
qualitatively undetectable by the listeners. One might expect these differences to originate 
somewhere between the neuromuscular pathways of the formulation and production of 
speech. Past research has suggested that the brain of AWS and AWNS are activated 
differently during speech tasks (Wells & Moore, 1990). Past studies have reported elevated 
muscle activity in AWS even in absence of overt movements (Shapiro, 1980). In addition, 
although differences between AWS and AWNS may present prior to the onset of speech 
movement, these differences are not expected to reach significance until actual speech 
production (van Lieshout et al., 1993). EMG offers a non-invasive procedure to investigate 
the neural organization at the moment of speech production (de Felicio, 2007; Fridlund, 
1988; Hof, 1984). Since muscle movement is thought to provide an estimate of central 
nervous system contribution (Hoehn-Saric et al., 1997), the present study utilized EMG, as 
it offered a reliable documentation of muscle activity that may be visually indiscernible 
(Cacioppo & Petty, 1979, 1981; Magneé et al., 2007). Given current findings on cerebral 
laterality and functional asymmetry, the current study examined lip laterality in AWS as a 
measure of cerebral activation and also considered the links between speech production 
and emotion within the confines of the Right Hemisphere Hypothesis and Valence 
Hypothesis of facial expression. The general research question explored was, “Do AWS 
differ from AWNS in the lip muscle activation surrounding speech and nonspeech 
movements?” 
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Method 
Participants 
AWS Participants. Five right-handed male AWS were recruited for participation in 
the project. The general characteristics the AWS participants are listed in Table 1. The 
AWS participants ranged in age from 21 to 30 years, with a mean age of 26 years. 
Participants were recruited through local media advertisements, stuttering support groups, 
as well as directly contacting clients receiving speech therapy at the University of 
Canterbury. Initial criteria for inclusion were the presence of stutter-like disfluencies 
(SLDs), which was determined by a 300-word conversational speech sample. Single 
syllable word repetitions, part-word repetitions, prolongations, blocks, and broken words 
were considered to be SLDs (Ambrose & Yairi, 1999). Other disfluencies (ODs) consisted 
of phrase repetitions, interjections, and revisions. The percentage of overall disfluency 
ranged from 7% to 37% and averaged 10% for the group. According to the Stuttering 
Severity Instrument (SSI) (Riley, 1994), two participants presented with very mild 
stuttering, another two presented with mild stuttering and the remaining participant 
presented with moderate stuttering. All participants reported receiving formal therapy for 
their stuttering at various points in their lives. Only one participant was currently receiving 
treatment for stuttering at the time of data collection. All participants were paid for their 
involvement in the project. 
Handedness for each AWS participant was ascertained according to the Edinburgh 
Handedness Inventory (Oldfield, 1971). The handedness laterality quotient for the AWS 
participants ranged from 60 % to 100%.  A copy of the revised Edinburgh Handedness 
Inventory questionnaire is provided in Appendix I.  Footedness of participants was also 
determined. Footedness has been suggested to be a better predictor of language 
lateralization then handedness (Elias & Bryden, 1998). All participants indicated a right 
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Table 1. General characteristics of the adults who stutter (AWS). The table includes sex, age, handedness score, stuttering severity based on the 
SSI (Riley, 1994), percent disfluency, footedness, history of speech therapy, family history of stuttering, and age of stuttering onset. 
 
 
AWS Participants 
 
 
Participant Sex Age Handedness*  SSI and Percent Footedness History  Family           Age of 
    (Score)  Disfluency Speech        History          Onset 
       Therapy 
 
1 Male 30 100% mild (20) 7% Right Yes Yes 5 y.o. 
  
 
2  Male 29 60% very (6)   8% Right Yes Yes 6 y.o 
          mild 
 
3  Male 26 100% very (15)   13% Right Yes Yes 2 y.o 
    mild 
 
4 Male 24 100%            moderate (24)  37% Right  Yes Yes                 pre-school 
 
 
5 Male 21 60%  mild (21) 10% Right Yes No               pre-school 
        
 
* all participants were right-handed according to the Edinburgh Handedness Inventory (Oldfield, 1971).
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foot preference.  Participants were also requested to fill in a questionnaire related to their 
background. A copy of the background questionnaire is provided in Appendix II.  AWS 
participants were judged as free of neurological and health problems based on personal 
report. In addition, all AWS participants regarded speech production as a relatively 
negative experience. 
AWNS Participants. Five right-handed male AWNS participants served as controls. 
The general characteristics the AWNS participants are listed in Table 2. The participants 
were matched to the AWS participants to within five-years of age. The age range of the 
AWNS group was 21 to 32 years with a mean age of 25 years. Participants were recruited 
from students enrolled in various Psychology classes at the University of Canterbury and 
paid for their involvement. The handedness laterality quotient for AWNS participants 
ranged from 88.2 % to 100%.  All participants indicated a right foot preference except for 
an individual with a left foot preference.  Participants were also requested to fill in a 
questionnaire related to their background. A copy of the background questionnaire is 
provided in Appendix II. AWS participants were judged as free of neurological and health 
problems based on personal report. In addition, all AWNS participants viewed speech 
production as a relatively positive experience.  
The study was approved by the University of Canterbury Human Ethics Committee 
and all participants provided informed written consent.  A copy of the consent form is 
provided in Appendix III. 
 
Equipment and Electrode Placement 
The present study utilized surface EMG as a measure of central nervous system 
(CNS) motor output for muscle activity and coordination (Frigio et al., 2000; Zwarts et al., 
2000). The EMG signals were recorded with miniature Au/AuCl disk electrodes using the 
NeuroScan SynAmps2 system (Compumedics, 2003). Miniature surface electrodes were
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Table 2. General characteristics of the adults who do not stutter (AWNS). The table includes the sex, age, handedness, footedness, history of 
speech therapy of each participant, and family history of stuttering. 
 
 
AWNS Participants 
 
 
Participant  Sex        Age      Handedness*    Footedness    History of Speech   Family    
            Therapy   History 
 
 
1  Male     32       100%      Right          No    No    
 
 
2  Male      29        88.9%      Right         No    No    
 
3             Male     21       100%      Right         No               No    
 
4  Male       21       100%      Left        No               No    
 
5          Male       21       88.2%   Right            No                No   
  
 
* all participants were right-handed according to the Edinburgh Handedness Inventory (Oldfield, 1971). 
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selected as they offer less obstruction to movement compared to larger electrodes (Lapatki 
et al., 2003). Additionally, smaller electrode dimensions have been found to reduce inter-
electrode distance and thus increases muscle selectivity (Cole et al., 1983, as cited in Blair 
& Smith, 1986; Lapatki et al., 2003). Impedances and noise at the metal-skin junction were 
reduced by abrasion with Nuprep™ to remove any dead skin and oil residues (Gerdle et al., 
1999). Electrode impedances were maintained at 5 kΩ or lower. 
Following the method by Wohlert and Hammen (2000), electrodes were placed 
around the perimeter of the mouth to identify muscle action potential associated with the 
obicularis oris inferior (OOI) and obicularis oris superior (OOS) muscles. Surface 
electrodes were placed in pairs in four quadrants at the: (1) left upper lip (LU), (2) right 
upper lip (RU), (3) left lower lip (LL), and (4) right lower lip (RL). Each pair of bipolar 
electrodes was placed approximately 1 cm apart, centered within each quadrant, and 
positioned as close as possible to the vermilion border of the lips parallel to the muscle 
fiber direction (Gerdle et al., 1999; Lapatki et al., 2003). Bipolar electrodes were used as 
they offer increased spatial resolution and improved signal-to-noise ratio (SNR) (Gerdle et 
al., 1999; Roeleveld et al., 1998). All electrodes were referenced against the forehead 
(Schwartz et al., 1979; Wohlert & Smith, 2002).  A ground electrode was placed on the 
right earlobe (A2) (Cacioppo & Petty, 1979; Platt & Basili, 1973).  The electrodes were 
attached to sites using Ten20 conductive paste and fastened to the skin with surgical tape. 
An illustration of the various electrode placements is provided in Figure 1. In addition to 
the EMG signals, an audio recording was obtained for all speaking behavior. A tabletop 
dynamic microphone (DSE PC Desktop) was situated approximately 25 cm away from the 
participant’s mouth. 
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Figure 1. Idealized location of the electrode placements for recording of surface 
electromyographic (EMG) signals along the obicularis oris inferior (OOI) and obicularis 
oris superior (OOS) muscles. The pairs of bipolar EMG electrodes were situated 
approximately 1 cm apart along the vermilion border of the lips and centered within the 
quadrants of the:  (1) left upper lip (LU), (2) right upper lip (RU), (3) left lower lip (LL), 
and (4) right lower lip (RL).  All electrodes were referenced against the forehead. A 
ground electrode was attached to the right earlobe (A2).  
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Speech and Non-speech Samples 
Speech Samples. Lip muscle activity was examined in two fluent single-word 
production tasks and one oral reading task4. The word production tasks examined (1) /f/ 
single-word production, (2) /p/ single-word production and (3) single-sentence reading. For 
each single-word production task, participants were required to name aloud pictures 
showing items that when vocalized started with the word-initial /f/- or /p/- phoneme. The 
particular phonemes were selected because they represented variations in place and manner 
of articulation, as well to ensure lip movement. All pictures were presented in color. A 
total of four different pictures were recycled for the speech tasks (two /f/-pictures & two 
/p/-pictures). The pictures used for elicitation of single-word naming included, fish, four, 
pig and purse. Copies of the pictures are presented in Appendix IV. Each picture was 
produced five times for the picture-naming tasks, resulting in 20 single-word productions 
(10 /f/ productions & 10 /p/ productions). The oral reading task involved production of the 
first line of the Grandfather Passage (Darley, Aronson, & Brown, 1975), You wished to 
know all about my grandfather. The same phrase was sampled by Wohlert (1993). All 
sentences were read at a normal reading rate.   
Non-speech Samples. One non-speaking task was included in this study. The task 
was similar to the procedure used by Wohlert (1993). Participants were asked to purse their 
lips together as the way they would when saying the word “pool”. There were a total of 20 
lip pursing trials collected from each participant. 
 
 
 
                                               
4
 Originally, it was assumed that moments of perceived natural stuttering might occur during the speech 
production tasks. If so, these moments were to be analyzed separately from the fluent speech samples. 
However, no moments of stuttering occurred during the sampling period. Therefore, the samples analyzed in 
the present study were all perceived to be produced fluently. 
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Data Collection Procedures 
Prior to collection of the speech and non-speech samples, participants were seated 
in a relaxed position approximately one-half meter from a laptop computer. Instructions 
were presented to each participant on the computer screen. The instructions were as 
follows: 
“Keep your facial and lip muscles relaxed. Focus on the white dot. When a 
picture appears, name the picture on the screen. Do not move your head or make 
any sudden movements prior to or during vocalization. There will be a 10s break 
between the picture-naming tasks. When you see a pair of lips       , purse your 
lips as you would when saying the word “pool”. Read the sentences at your normal 
speaking rate”. 
Presentation of instructions was followed by a short practice session lasting 
approximately 5 minutes that reflected the ensuing tasks. The participants were free to ask 
for clarification of the instructions. Participants were shown the list of /f/-words and /p/-
words prior to data collection so as to ensure uniformity of responses and familiarity with 
the speech stimuli. 
 At the onset of data collection, a 1 cm diameter white circle against a black 
background was displayed on the computer screen. Participants were asked to fixate their 
eyes on the circle. Following an approximately 3 second period of time, one of four 
options would appear on the screen (1) a /p/-picture, (2) a /f/-picture, (3) the Grandfather 
Passage, or (4) a “lip pursing” symbol. At the completion of each task, the white circle 
would reappear on the computer screen to ready the participant for the next (non)speech 
task. During this period, participants were instructed to relax their lips and facial muscles. 
Participants were reminded not to speak, or initiate any sudden movements prior to each 
task. All tasks were presented in randomized blocks. Each block consisted of either two 
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picture-naming tasks, or four lip pursing tasks, or a single sentence reading. A ten second 
break followed each block. In total, the (non)speech samples collected from each 
participant consisted of 20 picture-naming tasks, 20 lip pursing tasks and five single-
sentence readings. 
 
Signal Processing 
Lip activity was recorded on EMG bipolar channels with a low pass of 200Hz and a 
high pass of 1Hz with an AD rate of 1000. All signals (EMG and audio) were recorded 
with a notch filter of 50Hz, digitized at 10K and stored on a computer hard drive. A typical 
display of the filtered, rectified and smoothed signals collected in the present study is 
provided in Figure 3. All EMG channels including audio were filtered offline with a 
bandstop between 145 Hz to 155 Hz. The audio signal was additionally filtered with a 
highpass filter of 70 Hz.  
The EMG signals were measured using the MEP Analysator program which is 
designed to measure the peak amplitude of the waveforms recorded for each speech token 
(O’Beirne, 2008). For each participant, the peak EMG amplitude was determined for the 
following conditions:  
1) /f/ single-word picture naming 
2) /p/ single-word picture naming 
3) Single-sentence reading (Grandfather passage) 
4) Lip pursing (non-speech task) 
Each EMG signal was individually displayed on a computer monitor. The signals were 
similar to the example provided in Figure 2. To measure peak EMG, a pair of vertical 
cursors was superimposed on the EMG waveform. The peak EMG value was determined 
as the highest amplitude between the point of initial break from baseline of the EMG signal 
to the point at which the signal returned to baseline. EMG peak was measured for LU, RU,  
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Figure 2. Typical display of the rectified and smoothed electromyographic (EMG) and 
audio traces obtained for single-word production recorded from an adult who does not 
stutter (AWNS). Panels A and B reflect the left upper (LU) lip and right upper (RU) lip 
EMG signals, respectively. Panel C and D reflect the left lower lip (LL) and right lower 
(RL) lip EMG signals, respectively. Panel E is the corresponding audio signal for the /p/-
word.   
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LL and RL sites for each word, lip purse, and overall sentence production. EMG peak is 
presented in microvolts (uV). For each (non)speech condition, the representative peak 
amplitude of each lip quadrant was derived from the median of measured peak values. For 
example, for the /f/-word production, the peak EMG value for the LU quadrant was the 
median obtained from a total of 10 single /f/-word tokens.  
 
Statistical Analysis 
A combination of descriptive and parametric statistics was employed to evaluate 
the individual and group results. The upper and lower lips were analyzed separately 
because several studies have suggested that the upper and lower lips are organized in non-
overlapping quadrants under distinct neural control even during coordinated events (Abbs, 
& Gracco, 1984; Goffman & Smith, 1994; Gracco & Abbs, 1985; McClean, 1996; Wohlert 
& Goffman, 1994). Hence repeated-measures (2 x 2 x 2) ANOVAs were performed to 
determine if there were differences in EMG amplitudes. The between-group factor was 
fluency condition (AWS & AWNS) and the within-group factors were “left side versus 
right side” and “upper lip versus lower lip”. In addition, a series of Pearson Product-
Moment correlation coefficients were calculated to determine the strength of association 
for all possible pairings of the bipolar electrode placements: LU-RU, LU-RL, LU-LL, LL-
RU, LL-RL and RU-RL. 
 
Reliability 
Reliability for the measurement of EMG amplitude was performed on 100% of the 
data set. The peak amplitudes for every token were re-measured and compared to the 
original measurements. Additionally, median values were determined for the samples and 
compared to the original set of median values. The reliability measurement for EMG 
latency was 100% that is, the correlation was perfect. Accuracy for the peak measurements 
and median values were determined by reanalyzing 100% of data.  
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Results 
Speech Production Tasks 
Single /f/-word production. The results for the peak amplitude of /f/-word 
production are listed on Table 3. There was considerable variability in peak amplitude 
between individuals within each group. Within the AWS group, individual peak 
amplitudes ranged from 4.41 uV (AWS 2) to 297.65 uV (AWS 3). For AWNS, individual 
peak amplitudes ranged from 4.68 uV (AWNS 3) to 484.88 uV (AWNS 2). For the AWS 
group mean amplitude, the EMG values across the four lip locations ranged from 11.23 uV 
(RL) to 79.36 uV (LL). For the AWNS group mean amplitude, the EMG values ranged 
from 23.18 uV (LL) to 131.27 uV (RL). In order to evaluate whether the peak EMG 
amplitudes differed between the two speaking groups across lip locations, a 2 x 2 x 2 
(AWS versus AWNS; left upper lip versus right upper lip; left lower lip versus right lower 
lip) ANOVA was initially performed. The main effect of group (AWS versus AWNS) 
[F(1, 8)= 0.32, p= 0.58] and side ("left side versus right side" and "lower lip versus upper 
lip") [F(1, 8) = 0.18, p=0.68] were not significant. The group-by-side interaction 
approached significance [F(1, 8) = 4.63, p = 0.063] (see Figure 3). A follow-up Mann-
Whitney U test was conducted for the lower lip quadrants for a number of reasons.  First, 
there was clearly lack of homogeneity in terms of the variance across conditions (Table 3).  
Secondly, several studies have suggested that the upper and lower lips were organized in 
non-overlapping quadrants under distinct neural control even during coordinated events 
and greater activity was displayed by the lower lip quadrants in comparison to the upper lip 
quadrants (Abbs, & Gracco, 1984; Goffman & Smith, 1994; Gracco & Abbs, 1985; 
McClean, 1996; Wohlert & Goffman, 1994). Further, electrodes attached to the lower lips 
have been reported to record more continuous muscle activity than electrodes attached to 
the upper lips (Wohlert & Hammen, 2000). To look specifically at laterality differences, 
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Table 3. Peak electromyographic (EMG) values in microvolts (uV) for the group of adults who stutter (AWS) and group of adults who do not 
stutter (AWNS) recorded during /f/-word productions for the left upper (LU) lip, right upper (RU) lip, left lower (LL) lip, and right lower (RL) 
lip. 
 
 
Peak amplitude (uV) for /f/-word production 
AWS Participant  LU RU  LL RL AWNS Participant LU RU  LL  RL  
1 6.79 43.28 11.28 8.29  1 4.80 5.66 6.63 21.73  
 2 29.31 4.41* 27.88 18.58 2 209.55 294.61 82.34 484.88**  
 3 83.58 28.07 297.65** 17.12 3 6.33 4.68* 13.19 101.67  
 4 15.05 30.41 39.19 6.94 4 6.96 5.17 4.17 7.15  
 5 11.06 9.16 20.79 5.20 5 10.71 5.78 9.58 40.92  
Group mean 29.16 23.07 79.36 11.23 Group mean 47.67 63.18 23.18 131.27  
Group SD 28.24 14.35 109.5 5.52 Group SD 80.96 115.72 29.73 179.71  
 
* lowest peak amplitude  
** highest peak amplitude
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Figure 3. Depiction of result of a three-way repeated-measures ANOVA analysis for EMG 
amplitude for /f/-word production. The result of the 2 x 2 x 2 (AWS versus AWNS; left 
upper lip versus right upper lip; left lower lip versus right lower lip) ANOVA for group-
by-side interaction approached significance (p=0.06). The vertical bars denote 0.95 
confidence intervals. 
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the non-parametric Mann-Whitney U test was therefore conducted separately for EMG 
measures for the upper lips and then for the lower lips, in each case using a “difference 
score” between left EMG and right EMG for each participant and then comparing those 
difference scores across the two groups.  Results of the Mann-Whitney U test revealed a 
significant difference in the lower lips between the LL and RL quadrants for the AWS and 
AWNS groups [U(n1=5, n2=5)=0, p=0.004]. No significant difference was found in the 
upper lips between the LU and RU quadrants [U(n1=5, n2=5)=9, p=0.23]. The difference 
score between the left EMG and right EMG for the upper and lower lips are depicted in 
Figure 4.  
The peak amplitudes obtained for all participants for each lip location are depicted 
graphically in Figure 5 for the AWS and Figure 6 for the AWNS. The four lip sites were 
ranked in order of highest peak EMG activity. For the AWS group, three of the participants 
(AWS 3-5) displayed the highest amplitude at the LL quadrant and the lowest at the RL 
quadrant. One participant (AWS 1) displayed the highest amplitude at the RU quadrant and 
the lowest amplitude at the LU quadrant. The remaining participant (AWS 2) displayed the 
highest and lowest amplitude at the LU and RU quadrants, respectively. The group mean 
amplitude for AWS was highest at the LL quadrant and lowest at the RL quadrant. Among 
the AWNS, all participants displayed the highest amplitude at the RL quadrant. Two 
AWNS participants (AWNS 2 & 4) displayed the lowest peak amplitude at the LL, while 
another two participants (AWNS 3 & 5) displayed the lowest peak amplitude at the RU 
quadrant. Only one participant (AWNS 1) displayed the lowest peak amplitude at the LU 
quadrant. The group mean amplitude for AWNS was highest at the RL quadrant and 
lowest at the LL quadrant. 
In order to determine whether the EMG values of the various lip locations were 
correlated, a series of Pearson Product-Moment Correlation coefficients were calculated  
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Figure 4. Histograms of the difference score for /f/-word production for the upper and lower lips for adults who stutter (AWS) and adults 
who do not stutter (AWNS). The difference score for the upper lip was derived from the difference in EMG amplitude between the left 
upper (LU) and right upper (RU) lip quadrants. The difference score for the lower lips was derived from the difference in EMG amplitude 
between the left lower (LL) and right lower (RL) lip quadrants. Each pair of AWS and AWNS participant was sex- and age-matched. 
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Figure 5.  Depiction of peak electromyographic (EMG) amplitudes for the group of adults 
who stutter (AWS) recorded in the four quadrants of the lips for /f/-word production. The 
quadrant with the highest peak amplitude is labeled ‘1’ while the quadrant with the lowest 
peak amplitude is designated as ‘4’. Panel 1 and 2 reflect the peak amplitudes for 
participants 1 and 2, respectively. Panel 3, 4 and 5 reflect the peak amplitudes for 
participants 3, 4, and 5, respectively. Panel G reflects the mean amplitude for the AWS 
group.  
 
 
  
58 
 
 
Figure 6.  Depiction of peak amplitudes for the group of adults who do not stutter (AWNS) 
recorded in the four quadrants of the lips for /f/-word production. The quadrant with the 
highest peak amplitude is labeled ‘1’ while the quadrant with the lowest peak amplitude is 
designated as ‘4’. Panel 1 and 2 reflect the peak amplitudes for participants 1 and 2, 
respectively. Panel 3, 4 and 5 reflect the peak amplitudes for participants 3, 4, and 5, 
respectively. Panel G reflects the mean amplitude for the AWNS group.  
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for each group. The results of the various correlations for the AWS and AWNS groups are 
shown in Table 4. Among the AWS group, only one correlation for LU-LL (r=0.97, p < 
0.05) was significant, indicating that when the peak amplitude of LU was high, so too was 
the amplitude of the LL site. The other lip pairings were not significantly correlated 
including LU-RU (r= -0.017, p=0.978), LU-RL (r=0.71, p=0.17), LL-RL (r=0.54, 
p=0.34), RU-RL (r= -0.290, p=0.63) and RU-LL (r=0.15, p=0.80). A graphic 
representation of the only significant correlation is shown in Figure 7. None of the 
remaining lip positions were correlated in regard to peak EMG amplitude. For the AWNS 
group, all possible lip comparisons were correlated (r ≥ 0.98, p < 0.05). A graphic 
representation of the correlation is shown in Figure 8. 
Single /p/-word production. The results for the peak EMG amplitude of /p/-word 
production are listed on Table 5. There was considerable variability in peak amplitude 
between individuals within each group. Within the AWS group, individual peak 
amplitudes ranged from 5.32 uV (AWS 2) to 182.09 uV (AWS 3). For AWNS, individual 
peak amplitudes ranged from 4.84 uV (AWNS 3) to 236.60 uV (AWNS 2).  For the AWS 
group mean amplitude, the peak EMG values across the four lip locations ranged from 
11.51uV (RL) to 58.22 uV (LL). For the AWNS group mean amplitude, the peak EMG 
values ranged from 21.85 uV (LL) to 71.43 uV (RL). In order to evaluate whether the peak 
EMG amplitudes at the lip locations differed between the two speaking groups, a 2 x 2 x 2 
(AWS versus AWNS; left upper lip versus right upper lip; left lower lip versus right lower 
lip) ANOVA was performed. The main effect of group (AWS versus AWNS) [F(1, 8)= 
0.48, p= 0.83] and side ("left side versus right side" and "lower lip versus upper lip") [F(1, 
8) = 0.002, p=0.96] were not significant. In contrast, the group-by-side interaction was 
significant [F(1, 8) = 6.19, p = 0.037] (see Figure 9). A follow-up Mann-Whitney U test 
was conducted for the upper and lower lip quadrants for a number of reasons.  First, there 
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Table 4. Correlation matrix for the adults who stutter (AWS) and adults who do not stutter (AWNS) for /f/-word production. Correlations were 
calculated for the four lip quadrants: left upper (LU), right upper (RU), left lower (LL) and right lower (RL). Correlations in boldface were 
significant at the p<0.05 level. 
AWS 
  
AWNS 
LU 1.0    
  
LU 1.0    
RU -0.017 1.0   
  
RU 1.000 1.0   
LL 0.971 0.152 1.0  
  
LL 0.995 0.995 1.0  
RL 0.715 -0.290 0.541 1.0 
  
RL 0.984 0.983 0.996 1.0 
 LU RU LL RL 
  
 LU RU LL RL 
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Figure 7. Depiction of the significant correlation for the left upper and left lower (LU-LL) 
lip pairing (r = 0.97, p < 0.05) for the group of adults who stutter (AWS) for /f/-word 
production.  
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Figure 8. Depiction of significant correlation coefficients for lip quadrants for the group of 
adults who do not stutter (AWNS) for /f/-word production. Panel A, B, C and D reflect 
correlations for the ipsilateral pairings of left upper and right upper (LU-RU) lips (r =1.00, 
p < 0.0001), left lower and right lower (LL-RL) lips (r =0.99, p < 0.001), left upper and 
left lower (LU-LL) lips (r = 0.99, p < 0.001) and right upper and right lower (RU-RL) lips  
(r = 0.98, p < 0.05), respectively. Panels E and F reflect correlations for the diagonal 
pairings of left upper and right lower (LU-RL) lips (r = 0.98, p < 0.05) and right upper and 
left lower (RU-LL) lips (r = 0.99, p < 0.001), respectively.   
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Table 5. Peak electromyographic (EMG) values in microvolts (uV) for the group of adults who stutter (AWS) and group of adults who do not 
stutter (AWNS) recorded during /p/-word productions for the left upper (LU) lip, right upper (RU) lip, left lower (LL) lip, and right lower (RL) 
lip. 
 
 
Peak amplitude (uV) for /p/-word production 
AWS Participant  LU RU  LL RL AWNS Participant LU RU  LL  RL  
 
1 8.13 38.86 12.73 13.53  1 5.54 6.03 13.74 26.29  
 2 14.96 5.32* 37.48 14.09 2 175.94 134.68 64.52 236.60**  
 3 90.30 51.53 182.09** 15.05 3 5.84 4.84* 9.40 42.93  
 4 21.03 109.84 38.08 9.46 4 13.43 14.53 11.35 11.24  
 5 17.04 11.71 20.70 5.41 5 12.32 12.43 10.25 40.07  
Group mean 30.29 43.45 58.22 11.51 Group mean 42.61 34.50 21.85 71.43  
Group SD 30.29 37.30 62.70 3.60 Group SD 66.74 50.22 83.35 21.38  
 
* lowest peak amplitude  
** highest peak amplitude
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Figure 9. Depiction of result of a three-way repeated-measures ANOVA analysis for EMG 
amplitude for /p/-word production. The result of the 2 x 2 x 2 (AWS versus AWNS; left 
upper lip versus right upper lip; left lower lip versus right lower lip) ANOVA for group-
by-side interaction was significant [F(1, 8) = 6.19,  p = 0.037]. The vertical bars denote 
0.95 confidence intervals. 
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was clearly a lack of homogeneity in terms of the variance across conditions (Table 5). 
Secondly, several studies have suggested that the upper and lower lips are organized in 
non-overlapping quadrants under distinct neural control, even during coordinated events 
and greater activity was displayed by the lower lip quadrants in comparison to the upper lip 
quadrants (Abbs, & Gracco, 1984; Goffman & Smith, 1994; Gracco & Abbs, 1985; 
McClean, 1996; Wohlert & Goffman, 1994). Further, electrodes attached to the lower lips 
have been reported to record more continuous muscle activity than electrodes attached to 
the upper lips (Wohlert & Hammen, 2000). To look specifically at laterality differences, 
the non-parametric Mann-Whitney U test was therefore conducted separately for EMG 
measures for the upper lips and then for the lower lips, in each case using a “difference 
score” between left EMG and right EMG for each participant and then comparing those 
difference scores across the two groups.  Results of the Mann-Whitney U test confirmed 
differences in the lower lips between the LL and RL quadrants for the AWS and AWNS 
groups [U(n1=5, n2=5)=1, p=0.008)]. No significant difference was found in the upper lips 
between the LU and RU quadrants [U(n1=5, n2=5)=12, p=0.45)]. The difference score 
between the left EMG and right EMG for the upper and lower lips are depicted in Figure 
10.  
The peak amplitudes obtained for each lip location are depicted in Figure 11 for the 
AWS participants and Figure 12 for AWNS participants. The four lip sites were ranked in 
order of highest peak EMG activity. For the AWS group, two participants (AWS 1 & 4) 
displayed the highest amplitude at the RU quadrant and the lowest amplitude at either the 
LU quadrant (AWS 1) or RL quadrant (AWS 4). The three remaining participants (AWS 2, 
3 & 5) displayed the highest amplitude at the LL quadrant and the lowest amplitude at 
either the RU quadrant (AWS 2) or RL quadrant (AWS 3 & 5). The group mean amplitude 
for AWS was highest at the LL quadrant and lowest at the RL quadrant. Among the 
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Figure 10. Histograms of the difference score for /p/-word production for the upper and lower lips for adults who stutter (AWS) and adults 
who do not stutter (AWNS). The difference score for the upper lip was derived from the difference in EMG amplitude between the left upper 
(LU) and right upper (RU) lip quadrants. The difference score for the lower lips was derived from the difference in EMG amplitude between 
the left lower (LL) and right lower (RL) lip quadrants. Each pair of AWS and AWNS participant was sex- and age-matched. 
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Figure 11.  Diagram of peak amplitudes for the group of adults who stutter (AWS) 
recorded in the four quadrants of the lips for /p/-word production. The quadrant with the 
highest peak amplitude is labeled ‘1’ while the quadrant with the lowest peak amplitude is 
designated as ‘4’. Panel 1 and 2 reflect the peak amplitudes for participants 1 and 2, 
respectively. Panel 3, 4 and 5 reflect the peak amplitudes for participants 3, 4, and 5, 
respectively. Panel G reflects the mean amplitude for the AWS group.  
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Figure 12.  Diagram of peak amplitudes for the group of adults who do not stutter (AWNS) 
recorded in the four quadrants of the lips for /p/-word production. The quadrant with the 
highest peak amplitude is labeled ‘1’ while the quadrant with the lowest peak amplitude is 
designated as ‘4’. Panel 1 and 2 reflect the peak amplitudes for participants 1 and 2, 
respectively. Panel 3, 4 and 5 reflect the peak amplitudes for participants 3, 4, and 5, 
respectively. Panel G reflects the mean amplitude for the AWNS group.  
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AWNS, four participants (AWNS 1-3 & 5) displayed the highest amplitude at the RL 
quadrant and the lowest amplitude at either the LU quadrant (AWNS 1), LL quadrant 
(AWNS 2 & 5) or RL quadrant (AWNS 3). Only one participant (AWNS 4) displayed the 
highest and lowest amplitude at the RU and RL quadrants, respectively. The group mean 
amplitude for AWNS was highest at the RL quadrant and lowest at the LL quadrant. 
In order to determine whether the EMG values of the various lip locations were 
correlated, a series of Pearson Product-Moment Correlation coefficients were calculated 
for each group. The results of the various correlations for the AWS and AWNS groups are 
shown in Table 6. Among the AWS group, only one correlation for LU-LL was significant 
(r = 0.99, p < 0.001), indicating that when the peak amplitude of LU was high, so too was 
the amplitude of the LL site. The other lip pairings were not significantly correlated 
including LU-RU (r = 0.17, p = 0.78), LL-RL (r = 0.50, p = 0.39), RU-RL (r = -0.032, p = 
0.95), LU-RL (r = 0.41, p = 0.48) and RU-LL (r = 0.15, p = 0.79). A visual representation 
of the only significant correlation is shown in Figure 13. For the AWNS group, all possible 
lip comparisons were correlated (r ≥ 0.98, p < 0.05). A graphic representation of the 
correlation is shown in Figure 14.  
Single-sentence reading. The results for the peak EMG amplitude of sentence 
production are listed on Table 7. Considerable variability in peak amplitude was displayed 
by both AWS and AWNS groups. Within the AWS group, individual peak amplitudes 
ranged from 7.00 uV (AWS 2) to 500.41 uV (AWS 3). For AWNS, individual peak 
amplitudes ranged from 6.47 uV (AWNS 3) to 663.28 uV (AWNS 2). For the AWS group 
mean amplitude, the peak EMG values across the four lip locations ranged from 16.22 uV 
(RL) to 122.77 uV (LL). For the AWNS group, the mean peak EMG values ranged from 
63.65 uV (LL) to 166.93 uV (RL).  In order to evaluate whether the peak EMG amplitudes 
at the lip locations differed between the two speaking groups, a 2 x 2 x 2 (AWS versus 
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Table 6. Correlation matrix for the adults who stutter (AWS) and adults who do not stutter (AWNS) for /p/-word production. Correlations were 
calculated for the four lip quadrants: left upper (LU), right upper (RU), left lower (LL) and right lower (RL). Correlations in boldface were 
significant at the p<0.05 level. 
 
 
 
AWS 
  
AWNS 
 
LU 1.0    
  
LU 1.0    
 
RU 0.173 1.0   
  
RU 1.000 1.0   
 
LL 0.994 0.159 1.0  
  
LL 0.996 0.995 1.0  
 
RL 0.418 -0.032 0.500 1.0 
  
RL 0.987 0.983 0.983 1.0 
 
 LU RU LL RL 
  
 LU RU LL RL 
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Figure 13. Depiction of significant correlation (r = 0.99, p < 0.001) for the left upper and 
left lower (LU-LL) lip pairing for the group of adults who stutter (AWS) for /p/-word 
production.  
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Figure 14. Depiction of significant correlation coefficients for lip quadrants for the group 
of adults who do not stutter (AWNS) for /p/-word production. Panel A, B, C and D reflect 
correlations for the ipsilateral pairings of left upper and right upper (LU-RU) lips (r =  
1.00, p < 0.0001), left lower and right lower (LL-RL) lips (r = 0.98, p < 0.05), left upper 
and left lower (LU-LL) lips (r = 0.99, p < 0.001)  and right upper and right lower (RU-RL) 
lips (r =  0.98, p < 0.05),  respectively. Panels E and F reflect correlations for the diagonal 
pairings of left upper and right lower (LU-RL) lips (r = 0.98, p < 0.05) and right upper and 
left lower (RU-LL) lips (r = 0.99, p < 0.001), respectively.   
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Table 7. Peak electromyographic (EMG) values in microvolts (uV) for the group of adults who stutter (AWS) and group of adults who do not 
stutter (AWNS) recorded during  single-sentence production for the left upper (LU) lip, right upper (RU) lip, left lower (LL) lip, and right lower 
(RL) lip. 
 
 
Peak amplitude (uV) for Single-sentence production 
AWS Participant  LU RU  LL RL AWNS Participant LU RU  LL  RL  
 
1 16.87 74.80 19.43 9.89  1 8.40 7.99 13.56 40.11  
 2 25.60 7.00* 34.80 24.65 2 304.94 302.55 264.20 663.28**  
 3 137.78 146.54 500.41** 28.73 3 6.62 6.47* 18.39 73.46  
 4 28.82 102.28 34.69 10.76 4 15.80 6.50 7.48 7.90  
 5 20.71 13.47 24.50 7.09 5 13.35 101.33 14.60 49.92  
Group mean 45.96 68.82 122.77 16.22 Group mean 69.82 84.97 63.65 166.93  
Group SD 46.09 53.07 188.92 8.73 Group SD 117.61 114.76 100.34 249.06  
 
* lowest peak amplitude  
** highest peak amplitude
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AWNS; left upper lip versus right upper lip; left lower lip versus right lower lip) ANOVA 
was performed. The main effect of group (AWS versus AWNS) [F(1, 8)= 0.16, p= 0.69] 
and side ("left side versus right side" and "lower lip versus upper lip") [F(1, 8) = 0.11, 
p=0.74] were not significant. The group-by-side interaction was also not significant [F(1, 
8) = 3.26, p = 0.109] (see Figure 15).  A follow-up Mann-Whitney U test was conducted 
for the lower lip quadrants for a number of reasons.  First, there was clearly lack of 
homogeneity in terms of the variance across conditions (Table 7).  Secondly, several 
studies have suggested that the upper and lower lips were organized in non-overlapping 
quadrants under distinct neural control even during coordinated events and greater activity 
was displayed by the lower lip quadrants in comparison to the upper lip quadrants (Abbs, 
& Gracco, 1984; Goffman & Smith, 1994; Gracco & Abbs, 1985; McClean, 1996; Wohlert 
& Goffman, 1994). Further, electrodes attached to the lower lips have been reported to 
record more continuous muscle activity than electrodes attached to the upper lips (Wohlert 
& Hammen, 2000). To look specifically at laterality differences, the non-parametric Mann-
Whitney U test was therefore conducted separately for EMG measures for the upper lips 
and then for the lower lips, in each case using a “difference score” between left EMG and 
right EMG for each participant and then comparing those difference scores across the two 
groups.  Results of the Mann-Whitney U test revealed a significant difference in the lower 
lips between the LL and RL quadrants for the AWS and AWNS groups [U(n1=5, n2=5)=0, 
p=0.004]. No significant difference was found in the upper lips between the LU and RU 
quadrants [U(n1=5, n2=5)=12, p=0.45]. The difference score between the left EMG and 
right EMG for the upper and lower lips are depicted in Figure 16.  
The peak amplitudes obtained for all participants for each lip location are depicted 
in Figure 17 for the AWS and Figure 18 for the AWNS. The four lip sites were ranked in 
order of EMG activity. For the AWS group, three of the participants (AWS 2, 3 & 5)  
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Figure 15. Depiction of result of a three-way repeated-measures ANOVA analysis for 
EMG amplitude for single-sentence production. The result of the 2 x 2 x 2 (AWS versus 
AWNS; left upper lip versus right upper lip; left lower lip versus right lower lip) ANOVA 
for group-by-side interaction was not significant [F(1, 8) = 3.26, p = 0.109]. The vertical 
bars denote 0.95 confidence intervals. 
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Figure 16. Histograms of the difference score for single-sentence reading for the upper and lower lips for adults who stutter (AWS) and adults 
who do not stutter (AWNS). The difference score for the upper lip was derived from the difference in EMG amplitude between the left upper 
(LU) and right upper (RU) lip quadrants. The difference score for the lower lips was derived from the difference in EMG amplitude between 
the left lower (LL) and right lower (RL) lip quadrants. Each pair of AWS and AWNS participant was sex- and age-matched.
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Figure 17.  Diagram of peak amplitudes for the group of adults who do not stutter (AWS) 
recorded in the four quadrants of the lips for single-sentence production. The quadrant with 
the highest peak amplitude is labeled ‘1’ while the quadrant with the lowest peak 
amplitude is designated as ‘4’. Panel 1 and 2 reflect the peak amplitudes for participants 1 
and 2, respectively. Panel 3, 4 and 5 reflect the peak amplitudes for participants 3, 4, and 5, 
respectively. Panel G reflects the mean amplitude for the AWS group.  
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Figure 18.  Diagram of peak amplitudes for the group of adults who do not stutter (AWNS) 
recorded in the four quadrants of the lips for single-sentence production. The quadrant with 
the highest peak amplitude is labeled ‘1’ while the quadrant with the lowest peak 
amplitude is designated as ‘4’. Panel 1 and 2 reflect the peak amplitudes for participants 1 
and 2, respectively. Panel 3, 4 and 5 reflect the peak amplitudes for participants 3, 4, and 5, 
respectively. Panel G reflects the mean amplitude for the AWS group. 
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displayed the highest amplitude at the LL quadrant and the lowest at either the RU 
 (AWS 2) or RL (AWS 3 & 5) quadrant. The remaining two participants (AWS 1 & 4) 
displayed the highest amplitude at RU quadrant and the lowest amplitude at the RL 
quadrant. The group mean amplitude for AWS was highest and lowest at the LL and RL 
quadrants, respectively. Among the AWNS, three participants (AWNS 1-3) displayed the 
highest amplitude at the RL quadrant and the lowest amplitude at either the RU (AWNS 1 
& 3) or LL (AWNS 2) quadrant. One participant (AWNS 4) displayed the highest 
amplitude at the LU quadrant and the lowest amplitude at the RU quadrant. The remaining 
participant (AWNS 5) displayed the highest amplitude at the RU quadrant and the lowest 
amplitude at the LU quadrant. The group mean amplitude for AWNS was highest and 
lowest at the RL and LL quadrants, respectively. 
In order to determine whether the EMG values of the various lip locations were  
correlated, a series of Pearson Product-Moment Correlation coefficients were calculated 
for each group. The results of the various correlations for the AWS and AWNS groups are 
shown in Table 8. Among the AWS group, only one correlation LU-LL was significant 
(r=0.99, p<0.0001), indicating that when the peak amplitude of LU was high, so too was 
the amplitude of the LL site. The other lip pairings were not significantly correlated 
including LU-RU (r=0.74, p=0.15), LL-RL (r=0.73, p=0.16), RU-RL (r=0.31, p=0.60), 
LU-RL (r=0.73, p=0.15) and RU-LL (r=0.73, p=0.16). A visual representation of the only 
significant correlation is shown in Figure 19. For the AWNS group, all possible lip 
comparisons were correlated (r ≥ 0.94, p < 0.05). A graphic representation of the 
correlation is shown in Figure 20.     
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Table 8. Correlation matrix for the adults who stutter (AWS) and adults who do not stutter (AWNS) for single-sentence production. Correlations 
were calculated for the four lip quadrants: left upper (LU), right upper (RU), left lower (LL) and right lower (RL). Correlations in boldface were 
significant at the p<0.05 level. 
                               AWS 
                                                          AWNS 
LU 1.0    
  
LU 1.0    
RU 0.740 1.0   
  
RU 0.994 1.0   
LL 0.998 0.731 1.0  
  
LL 0.998 0.949 1.0  
RL 0.738 0.318 0.730 1.0 
  
RL 0.994 0.949 0.999 1.0 
 LU RU LL RL 
  
 LU RU LL RL 
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Figure 19. Depiction of significant correlation (r = 0.99, p < 0.0001) for the left upper and 
left lower (LU-LL) lip pairing for the group of adults who stutter (AWS) for single-
sentence production. 
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Figure 20. Depiction of significant correlation coefficients for lip quadrants for the group 
of adults who do not stutter (AWNS) for single-sentence production. Panel A, B, C and D 
reflect correlations for the ipsilateral pairings of left upper and right upper (LU-RU) lips (r 
= 0.95, p < 0.05), left lower and right lower (LL-RL) lips (r = 0.99, p < 0.05), left upper 
and left lower (LU-LL) lips (r = 0.99, p < 0.0001) and right upper and right lower (RU-
RL) lips (r = 0.94, p < 0.05), respectively. Panels E and F reflect correlations for the 
diagonal pairings of left upper and right lower (LU-RL) lips (r = 0.99, p < 0.001),  and 
right upper and left lower (RU-LL) lips (r = 0.94, p < 0.05), respectively.   
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Non-speech Production Task 
 Lip pursing. The results for the peak EMG amplitude for the non-speech production 
task are listed on Table 9. Considerable variability in peak amplitude was displayed by 
both AWS and AWNS groups. Individual peak amplitudes ranged from 3.95 uV (AWS 2) 
to 847.13 uV (AWS 3) for the AWS. For AWNS, individual peak amplitudes ranged from 
3.34 uV (AWNS 3) to 674.31 uV (AWNS 2). For the AWS group mean amplitude, the 
peak EMG values across the four lip locations ranged from 23.72 uV (RL) to 202.56 uV 
(LL). For the AWNS group mean amplitude, the mean peak EMG values ranged from 
21.98 uV (LL) to 173.38 uV (RL). In order to evaluate whether the peak EMG amplitudes 
at the lip locations differed between the two speaking groups, a 2 x 2 x 2 (AWS versus 
AWNS; left upper lip versus right upper lip; left lower lip versus right lower lip) ANOVA 
was performed.  The main effect of group (AWS versus AWNS) [F(1, 8)=0.93, p=0.76] 
and side ("left side versus right side" and "lower lip versus upper lip") [F(1, 8)=0.00, 
p=0.98] were not significant. The group-by-side interaction approached significance [F(1, 
8)=4.13, p=0.077] (see Figure 21). A follow-up Mann-Whitney U test was conducted for 
the lower lip quadrants for a number of reasons.  First, there was clearly lack of 
homogeneity in terms of the variance across conditions (Table 9).  Secondly, several 
studies have suggested that the upper and lower lips were organized in non-overlapping 
quadrants under distinct neural control even during coordinated events and greater activity 
was displayed by the lower lip quadrants in comparison to the upper lip quadrants (Abbs, 
& Gracco, 1984; Goffman & Smith, 1994; Gracco & Abbs, 1985; McClean, 1996; Wohlert 
& Goffman, 1994). Further, electrodes attached to the lower lips have been reported to 
record more continuous muscle activity than electrodes attached to the upper lips (Wohlert 
& Hammen, 2000). To look specifically at laterality differences, the non-parametric Mann-
Whitney U test was therefore conducted separately for EMG measures for the upper lips 
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Table 9. Peak electromyographic (EMG) values in microvolts (uV) for the group of adults who stutter (AWS) and group of adults who do not 
stutter (AWNS) recorded during lip pursing for the left upper (LU) lip, right upper (RU) lip, left lower (LL) lip, and right lower (RL) lip. 
____________________________________________________________________________________________________________________ 
Peak amplitude (uV) for Lip Pursing 
AWS Participant  LU RU  LL RL AWNS Participant LU RU  LL  RL  
 
1 26.69 95.05 19.92 13.50  1 5.84 8.97 9.88 30.83  
 2 13.81 3.95* 32.05 14.48  2 132.52 143.96 77.29 674.31**  
 3 323.40 56.13 847.13** 61.68 3 11.30 9.24 9.72 55.28  
 4 32.05 93.76 76.65 12.84 4 13.05 6.59 3.34* 5.84  
 5 32.35 19.61 37.04 16.12 5 28.10 34.05 9.66 100.63  
Group mean 85.66 53.70 202.56 23.72 Group mean 38.16 40.56 21.98 173.38  
Group SD 119.06 37.30 322.85 19.01 Group SD 47.75 52.66 27.77 252.41  
 
* lowest peak amplitude  
** highest peak amplitude
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Figure 21. Depiction of result of three-way repeated-measures ANOVA analysis for EMG 
amplitude for lip pursing. The result of the 2 x 2 x 2 (AWS versus AWNS; left upper lip 
versus right upper lip; left lower lip versus right lower lip) ANOVA for the group-by-side 
interaction approached significance [F(1, 8) = 4.13, p = 0.077]. The vertical bars denote 
0.95 confidence intervals. 
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right EMG for each participant and then comparing those difference scores across the two 
groups.   Results of the Mann-Whitney U test revealed a significant difference in the lower  
and then for the lower lips, in each case using a “difference score” between left EMG and 
lips between the LL and RL quadrants for the AWS and AWNS groups [U(n1=5, n2=5)=0 , 
p=0.004)]. No significant difference was found in the upper lips between the LU and RU 
quadrants [U(n1=5, n2=5)=10, p=0.30]. The difference score between the left EMG and 
right EMG for the upper and lower lips are depicted in Figure 22. 
The peak EMG amplitudes obtained for each lip location are depicted in Figure 23 
for the AWS participants and Figure 24 for the AWNS participants. The four lip sites were 
ranked in order of highest peak EMG activity. For the AWS group, three participants 
(AWS 2, 3 & 5) displayed the highest amplitude at the LL quadrant and the lowest 
amplitude at either the RU (AWS 2 & 3) or RL (AWS 5) quadrants. The two remaining 
participants (AWS 1 & 4) displayed the highest amplitude at RU quadrant and the lowest 
amplitude at the RL quadrant. The group mean amplitude for AWS was highest at the LL 
quadrant and lowest at the RL quadrant. Among the AWNS, four participants (AWNS 1-3 
& 5) displayed the highest amplitude at the RL quadrant and the lowest amplitude at either 
the RU quadrant (AWNS 1) or LL quadrant (AWNS 2, 3 & 5). One participant (AWNS 4) 
displayed the highest amplitude at the LU quadrant and the lowest amplitude at the LL 
quadrant. The group mean amplitude for AWNS was highest at the RL quadrant and 
lowest at the LL quadrant. 
In order to determine whether the EMG values of the various lip locations were 
correlated, a series of Pearson Product-Moment Correlation coefficients were calculated 
for each group. The results of the various correlations for the AWS and AWNS groups are 
shown in Table 10. Among the AWS group, only three comparisons for LU-LL, LU-RL, 
and LL-RL, were correlated (r=0.99, p < 0.001) indicating that when the peak amplitude  
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Figure 22. Histograms of the difference score for lip pursing for the upper and lower lips for adults who stutter (AWS) and adults who do not 
stutter (AWNS). The difference score for the upper lip was derived from the difference in EMG amplitude between the left upper (LU) and 
right upper (RU) lip quadrants. The difference score for the lower lips was derived from the difference in EMG amplitude between the left 
lower (LL) and right lower (RL) lip quadrants. Each pair of AWS and AWNS participant was sex- and age-matched. 
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Figure 23.  Diagram of peak amplitudes for the group of adults who stutter (AWS) 
recorded in the four quadrants of the lips for lip pursing. The quadrant with the highest 
peak amplitude is labeled ‘1’ while the quadrant with the lowest peak amplitude is 
designated as ‘4’. Panel 1 and 2 reflect the peak amplitudes for participants 1 and 2, 
respectively. Panel 3, 4 and 5 reflect the peak amplitudes for participants 3, 4, and 5, 
respectively. Panel G reflects the mean amplitude for the AWS group. 
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Figure 24.  Diagram of peak amplitudes for the group of adults who do not stutter (AWNS) 
recorded in the four quadrants of the lips for lip pursing. The quadrant with the highest 
peak amplitude is labeled ‘1’ while the quadrant with the lowest peak amplitude is 
designated as ‘4’. Panel 1 and 2 reflect the peak amplitudes for participants 1 and 2, 
respectively. Panel 3, 4 and 5 reflect the peak amplitudes for participants 3, 4, and 5, 
respectively. Panel G reflects the mean amplitude for the AWNS group. 
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Table 10. Correlation matrix for the adults who stutter (AWS) and adults who do not stutter (AWNS) for lip pursing. Correlations were 
calculated for the four lip quadrants: left upper (LU), right upper (RU), left lower (LL) and right lower (RL). Correlations in boldface were 
significant at the p<0.05 level. 
 
AWS 
  
AWNS 
LU 1.0    
  
LU 1.0    
RU 0.062 1.0   
  
RU 0.997 1.0   
LL 0.998 0.051 1.0  
  
LL 0.985 0.985 1.0  
RL 0.997 -0.013 0.995 1.0 
  
RL 0.995 0.995 0.996 1.0 
 LU RU LL RL 
  
 LU RU LL RL 
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of one location was high, so too was the amplitude of the corresponding site. The other lip 
pairings were not significantly correlated including LU-RU (r = 0.062, p =0.92), RU-RL  
(r = -0.013, p=0.98) and RU-LL (r=0.051, p=0.935). Visual representations of the 
significant correlations are shown in Figure 25. For the AWNS group, all possible lip 
comparisons were correlated (r ≥ 0.98, p < 0.05). A graphic representation of the 
correlation is shown in Figure 26.      
Summary of results. In order to summarize the overall pattern of lip activity related 
to AWS and AWNS for both speech and non-speech tasks, the handedness laterality 
quotient, stuttering severity index (SSI) scores, and difference scores for the lower lips for 
/f/-word production, /p/-word production, single-sentence reading and lip pursing are 
presented in Table 11. The difference score was derived from the discrepancy in EMG 
amplitude between the left lower (LL) and right lower (RL) lip quadrants, and provides an 
indication of the disparity in muscle activity between the left lower lip and the right lower 
lip. A larger difference score would indicate greater discrepancy between the left lower lip 
and right lower lip activity. Two participants, AWS 3 and AWNS 2 consistently displayed 
the largest absolute difference score in their respective groups for all tasks. The handedness 
laterality quotient (%) as determined by the Edinburgh Handedness Inventory (Oldfield, 
1971) related to the difference score for the lower lips for AWS and AWNS participants is 
provided in a scatter plot in Figure 27. The SSI related to the difference score for the lower 
lips for AWS and AWNS is provided in Figure 28. The SSI score for AWNS was 
arbitrarily set at one. In addition, a comparison of group mean amplitude for each lip 
location between AWS and AWNS for the different tasks is graphically depicted in Figure 
29.  The highest EMG amplitude was consistently displayed in the lower lip regions and 
was in opposition for both AWS and AWNS.  
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Figure 25. Depiction of significant correlation coefficients for lip quadrants for the group 
of adults who stutter (AWS) for lip pursing.  Panel A and B reflect the correlated pairings 
of ipsilateral left lower and right lower (RL-LL) lips (r = 0.99, p < 0.001) and left upper 
and left lower (LU-LL) lips (r = 0.99, p < 0.0001), respectively.  Panels C reflects the 
correlation for the diagonal pairing of left upper and right lower (LU-RL) lips (r = 0.99, p 
< 0.001). 
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Figure 26. Depiction of significant correlation coefficients for lip quadrants for the group 
of adults who do not stutter (AWNS) for lip pursing. Panel A, B, C and D reflect 
correlations for the ipsilateral pairings of left upper and right upper (LU-RU) lips (r = 0.99, 
p < 0.001), left lower and right lower (LL-RL) lips (r = 0.99, p < 0.001), left upper and left 
lower (LU-LL) lips (r = 0.98, p < 0.05) and right upper and right lower (RU-RL) lips  (r = 
0.99, p < 0.001), respectively. Panels E and F reflect correlations for the diagonal pairings 
of left upper and right lower (LU-RL) lips (r = 0.99, p < 0.001) and right upper and left 
lower (RU-LL) lips (r = 0.98, p < 0.05), respectively. 
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Table  11.  Handedness, stuttering severity index (SSI) score, and difference score for the 
lower lips in microvolts (uV) for /f/-word production, /p/-word production, single-sentence 
reading and lip pursing for adults who stutter (AWS) and adults who do not stutter 
(AWNS). 
 
 
AWS 
 
Participant   Handedness*  SSI Score      Difference score**   (uv)  
                                                                   ------------------------------------------------ 
         /f/  /p/         sentence     lip purse 
 
1 100%   20 2.99 -0.8 9.54 6.4 
2 60%   6 9.30 23.39 10.15 17.57 
3 100%   15 280.53 167.04 471.68  785.45 
4 100%   24 32.25 28.62 23.93  63.81 
5 60%   21 15.59 15.29 17.41  20.92 
 
 
AWNS 
 
Participant   Handedness*    SSI Score     Difference score**  (uv)  
                                                                      ---------------------------------------------- 
          /f/ /p/        sentence    lip purse 
 
1 100%     – -15.10 -12.55 -26.55  -20.95 
2 88.9%     – -402.54 -171.98 -399.08    -597.02 
3 100%     – -88.48 -33.53 -55.07  -45.56 
4 100%     –   -2.98 0.11  -0.42 -2.5 
5 88.2%      –  -31.34 -29.82 -35.32  -90.97 
 
* all participants were right-handed according to the Edinburgh Handedness Inventory 
(Oldfield, 1971). 
** The difference score was derived from the difference in EMG values between the left 
lower (LL) and right lower (RL) lip quadrants.  
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Figure 27. Difference score for the lower lips in microvolts (uV) and handedness laterality 
quotient in percent for all speech and non-speech tasks.  The difference score was derived 
from the discrepancy in EMG amplitude between the left lower (LL) and right lower (RL) 
lip quadrants. All participants were right-handed according to the Edinburgh Handedness 
Inventory (Oldfield, 1971).  
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Figure 28. Difference score for the lower lips in microvolts (uV) and stuttering severity 
index (SSI) score for adults who stutter (AWS) and adults who do not stutter (AWNS). The 
difference score was derived from the discrepancy in EMG amplitude between the left 
lower (LL) and right lower (RL) lip quadrants.  The SSI score of AWNS was arbitrarily 
established at one.  
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Figure 29. Histograms of group mean electromyographic (EMG) amplitudes for upper (LU 
& RU) and lower (LL & RL) lip quadrants for the group of adults who stutter (AWS) and 
adults who do not stutter (AWNS) for /f/-word production, /p/-word production, single-
sentence reading, and lip pursing.  
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Summary of Major Findings 
 
(1) Across the AWS participants, the right lower (RL) location yielded the lowest 
EMG amplitude for all speech and non-speech tasks. While the highest EMG 
amplitude for the AWS group was at the left lower (LL) location.  
 
(2) Across the AWNS participants, the left lower (LL) location yielded the lowest 
EMG amplitude for all speech and non-speech tasks. While the highest EMG 
amplitude for the AWNS group was at the right lower (RL) location.  
 
(3) Among the AWS group, the peak EMG amplitudes collected at the various lip 
sites during speech production tasks were not correlated with the exception of the 
left upper and left lower (LU-LL) lip pairing. For the non-speech task, only three 
lip comparisons were correlated: left upper and left lower (LU-LL), left upper and 
right lower (LU-RL) and right lower and left lower (RL-LL). 
 
(4) Among the AWNS group, the peak EMG amplitudes collected at the various lip 
sites during both speech and non-speech tasks were significantly correlated.   
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Discussion 
 
Stuttering and Laterality 
As early as the 1920s’ Orton and Travis espoused the view that stuttering was a 
consequence of aberrant laterality. More recently, a number of EEG investigations (Moore, 
1984; Wells and Moore, 1990) and neuroimaging studies utilizing functional magnetic 
resonance imaging (fMRI), positron emission tomography (PET) and 
magnetoencephalography (MEG) techniques (Biermann-Ruben et al., 2005; Blomgren et 
al., 2003; Braun et al., 1997; De Nil et al., 2000; Neumann et al., 2003; Preisbich et al., 
2003; Salmelin et al., 2000; Van Borsel et al., 2003; Walla et al., 2004) have found atypical 
laterality and activation associated with stuttering as initially speculated by Orton and 
Travis. These studies reported lateralization of speech processing to the right cerebral 
hemisphere in AWS during fluent speech production and moments of stuttering. For 
AWNS, speech processing was left hemisphere lateralized.  
The purpose of the present study was to investigate differences in cerebral activation 
between AWS and AWNS as inferred by measurement of EMG lip activity. Despite the 
relatively small sample size, the pattern of EMG signal observed in the present study 
provides strong support for the hypothesis of anomalous cerebral laterality in AWS and 
also the use of EMG as an indication of cerebral participation at the moment of speech 
production. Measurements of peak EMG amplitude were obtained at four lip locations: 
LU, RU, LL and RL. Analysis of the data indicated there were significant differences 
between the AWS and AWNS groups in regard to the peak EMG amplitude between the 
left and right sides of the lips across all speech and non-speech tasks. There was a pattern 
in which the lowest EMG amplitude for the AWS and AWNS groups were located at the 
RL and LL quadrants, respectively. The highest EMG amplitude for the AWS and AWNS 
groups were located at the LL and RL quadrants, respectively. That is, for both groups the 
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highest and lowest peak EMG activity was found in the lower regions of the mouth. This 
observation is consistent with several EMG studies that have reported higher activity for 
the lower than upper lips (Kelly et al., 1995; van Lieshout et al., 1993; Wohlert & 
Goffman, 1994). In the present study, the specific lip location for the highest and lowest 
EMG amplitude was in direct opposition for AWS and AWNS. AWS displayed the highest 
EMG activity in the left lower (LL) lip while AWNS featured the highest activity in the 
right lower (RL) lip. This pattern of lip activity for AWS and AWNS is in concordance 
with previous investigations and assumed to be a corollary of differences in cerebral 
activation between the two groups (Code et al., 2005; Graves et al., 1982). In AWS, the 
higher amplitude and significantly correlated EMG activity observed on the left side of the 
mouth is an indication of right cerebral activation during the execution of speech and non-
speech movements and substantiates previous investigations reporting lateralization of 
speech processing to the right hemisphere in AWS (Braun et al., 1997; De Nil et al., 2000; 
Wells & Moore, 1990). As expected, a reversal of lip activity was observed in AWNS with 
elevated EMG levels featured on the right side of the mouth, indicative of left cerebral 
lateralization for speech processing (Graves et al., 1982). The results of the present study 
do not suggest the exclusion of one hemisphere in favor of the other during speech or non-
speech production. EMG activity observed on both sides of the mouth (although in varying 
degrees) in AWS and AWNS is suggestive of participation from both hemispheres during 
speech and non-speech tasks. The documented pattern of EMG reduction on one side of 
the mouth and elevated activity on the opposite side is suggestive of unequal participation 
or lateralization of the cerebral hemispheres during speech and non-speech production.  
The results of the correlation analysis were also suggestive of distinct patterns of 
EMG activation for each group. Among the AWNS group, all combinations of lip pairings 
of the four mouth locations were highly correlated with one another for both speech and 
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non-speech tasks. These patterns of correlation were taken to indicate that AWNS 
demonstrated highly coordinated lip muscle activity across all tasks. Interestingly, no such 
pattern was found for the AWS group with the exception of the LU-LL sites which were 
consistently correlated during speech and non-speech tasks. In fact, negative correlations 
were found for some lip muscle pairings (see Table 4, 6, & 10), substantiating the lack of 
synchrony between muscle groups. The lack of correlation in AWS compared to AWNS 
may indicate greater hemispheric interference or reduced performance as a consequence of 
right cerebral contribution since the right hemisphere is better suited for non-linguistic 
processing (De Nil & Kroll, 2001; De Nil et al., 2003; Moore, 1984; Webster 1990). This 
is also evident by the fact that the lip pursing exercise in AWS which is a non-linguistic 
task generated a slightly greater number of positively correlated lip pairings (LU-LL, LU-
RL and LL-RL) in comparison to the speech tasks (/f/-word production, /p/-word 
production and single-sentence reading) which only produced a single positive correlation 
(LU-LL). Reduced correlation levels in AWS may be suggestive of reduced strength of 
neural pathway connectivity (McClean & Tasko, 2004). In the present study, reduced 
correlation levels in AWS may be a consequence of weak connectivity between the distinct 
quadrants of the lips. The EMG locations on the left side of the mouth in AWS were also 
the locations that tended to show the largest EMG amplitudes compared to the sites on the 
right side of the mouth. Therefore, while the AWNS seemed to show generally high levels 
of EMG activation on both the left and right sides of the mouth, the AWS group showed a 
tendency for the highest activation only on the left side of the mouth. Interestingly, several 
studies have reported higher quality of articulation out of the right side of the mouth when 
compared to the left (Cadalbert et al., 1994; Graves & Potter, 1988).  Therefore, one would 
expect AWS to demonstrate reduced quality of articulation if the only correlated lip pairing 
(LU-LL) which might contribute unevenly to speech production is located on the left side 
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of the mouth. The reduced correlation displayed by AWS in the present investigation 
corroborates past studies suggesting reduced motor coordination (Hulstijn et al., 1992; 
Smith, 1989; van Lieshout et al., 1996b).  
It is interesting to note that the single highest documented EMG amplitude observed 
within the AWS group for each task was consistently presented by the same participant 
(AWS 3). In addition, within the AWS group that same participant (AWS 3) also presented 
the greatest difference in EMG activity between the left (LL) and right lower (RL) lip 
quadrants as indicated by the difference score (see Figure 4, 10, 16 & 22). Eight months 
prior to participation in the present study, AWS 3 had completed the Camperdown 
program, a treatment based on prolonged speech which resulted in significant 
improvements to his fluency (O’Brian et al., 2003). Interestingly, in both speech and non-
speech tasks, AWS 3 presented greater RL lip amplitude than the group mean (see Tables 
3, 5, 7 & 9). The elevated RL lip amplitude in AWS 3 is consistent with reports of greater 
left hemisphere participation following treatment (Boberg et al., 1983; De Nil et al., 2003). 
In addition, AWS 3 also featured greater LL amplitude in comparison to the group mean 
which is indicative of elevated right hemisphere participation for all tasks (see Tables 3, 5, 
7 & 9). Although this pattern might seem in conflict with observations of reduced right 
hemisphere participation following treatment (Boberg et al., 1983; De Nil et al., 2003), the 
plausible explanation may be linked to increased compensation for fluent speech. Giraud et 
al. (2008) observed lower activation of the right frontal operculum in AWS who were less 
fluent and higher activation in AWS who were more fluent. In AWS 3 (who presented 
greater fluency after therapy), the elevated activity of the right hemisphere is probably due 
to increased compensatory activity of the right frontal operculum (Giraud et al., 2008; 
Preibisch et al., 2003).   
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In the present study, two AWS (2 & 5) individuals demonstrated the weakest right 
hand preference (Handedness Laterality Quotient of 60%) observed for either group. 
Individual handedness laterality scores in AWNS participants were equal or higher than 
those reported in AWS (see Table 11). Further, there maybe a subtle pattern whereby 
AWNS who displayed stronger lateralization for right hand preference were more likely to 
demonstrate a smaller difference score or less discrepancy between left and right cerebral 
activity (see Figure 27). In AWNS, stronger right hand lateralization has been directly 
linked to greater left hemisphere dominance for language and vice versa (Knecht et al., 
2000). In addition, AWNS who were more lateralized for hand preference and language 
processing may also display greater lateralization for other types of processing including 
visual stimuli. Therefore, the visually presented instructions and tasks in the present study 
may have resulted in greater right hemisphere activity in AWNS who were more strongly 
lateralized in hand preference than AWNS who were less lateralized. Subsequently, 
AWNS who are strongly lateralized in hand preference may present reduced discrepancy in 
activation levels between the left hemisphere (involved in speech processing) and right 
hemisphere (involved in visual processing) resulting in a smaller difference score. The 
right hemisphere is expected to participate in visual processing in AWNS and AWS 
(Boberg et al., 1983).  
In contrast, AWS participants who displayed stronger lateralization of hand 
preference maybe be more likely to demonstrate greater discrepancy between the left and 
right cerebral activity as indicated by the LL and RL lip activity (see Figure 27). However, 
AWS with weaker right hand preference may be more likely to display a smaller difference 
score suggesting greater similarity between the left and right cerebral contribution. In the 
present study, right hemisphere participation is expected for both processing of speech and 
visually presented stimuli in AWS. Thus, the disparity between participation of the left and 
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right cerebral hemispheres, particularly in AWS who are strongly lateralized may be 
elevated as a consequence of right hemisphere participation for both speech and visual 
processing.  In AWS, larger values of the difference score was a product of greater 
amplitude displayed by the left lower lip (see tables 3, 5, 7 & 9). This pattern related to 
hand lateralization in both groups must be considered with extreme caution due to the 
small sample size. 
Previous research examining lip EMG activity in AWNS has yielded equivocal 
results. In a reading task of the Grandfather Passage (similar to the present study), Wohlert 
and Hammen (2000) reported that most individuals were “right-mouthed”, recording 
higher EMG activity on the right upper lip. Their findings supported previous studies 
documenting lip asymmetry by Graves and colleagues (Graves et al., 1982; Graves & 
Potter, 1988).  In contrast, Wohlert and colleagues (Wohlert & Goffman, 1994; Wohlert & 
Smith, 2002) failed to find similar mouth asymmetry during speech and non-speech 
movements. The lack of agreement between these studies was one of the motivations 
behind the current research. Based on results obtained from the present group of AWNS 
participants, evidence is provided in support of Graves and colleagues indicating lip 
asymmetry across tasks. While the present results are suggestive of lip asymmetry in 
AWNS, it remains to be determined why Wohlert and colleagues failed to identify lip 
asymmetry. One possibility to consider is the age of participants involved. In the study by 
Wohlert and Smith, participants comprised of 29 young adults (average age of 20.9 years) 
and 60 children ranging from seven years of age to 12 years of age. Although language 
lateralization occurs early in human development (Holowka & Pettito, 2002), children are 
less lateralized and display greater variability in lateralization when compared to adults 
(Holland et al., 2001, 2007). The degree of lateralization increases with age and is assumed 
to reflect improvements in language skills and greater specialization of language functions 
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(Hoeft et al., 2007; Holland et al., 2001, 2007). Since lip activity and asymmetry is linked 
to cerebral lateralization, it is not surprising that the study by Wohlert and Smith which 
comprised mainly of children failed to find lip asymmetry. In the present study, the mean 
age of the AWS and AWNS participants were 26 years and 25 years, respectively. In 
addition, the degree of lip asymmetry may also be related to gender. In their study of 
perioral muscle activity, Wohlert and Goffman recruited three male and five female 
participants. Females are less lateralized than males and show more bilateral activation for 
language processing (Bourne, 2005; Kent, 1998; McGuiness & Bartell, 1982). This is 
evident in several investigations of lip activity where females tended to be less 
asymmetrical than males (Graves et al.,1982; Hausmann et al., 1998). Additionally, male 
faces are structurally more asymmetrical than female faces even at rest (Schmidt et al., 
2006). Therefore, investigations comprising of only males participants, or equal or larger 
ratio of male to female participants are more likely to document lip asymmetry (Borod et 
la., 1988; Code et al., 2005; Graves et al., 1982; Wohlert & Hammen, 2000). Further, 
studies employing video image technique have consistently reported lip asymmetry (Code 
et al., 2005; Graves et al., 1982; Graves & Landis, 1990; Hausman et al., 1998) whilst 
those measuring EMG signals have produced ambivalent results (Wohlert & Goffman, 
1994; Wohlert & Hammen, 2000; Wohlert & Smith, 2002). Therefore, it is likely that 
reports of lip asymmetry are influenced by age, gender and even the method of evaluation. 
The finding of the present study is consistent with previous investigations 
documenting lip asymmetry in AWNS (Graves et al., 1982; Graves & Potter, 1998; 
Hausmann et al., 1998; Nicholls et al., 2004). Right lip asymmetry observed in AWNS is 
assumed to be a corollary of the left cerebral specialization for language (Beeman & 
Chiarello, 1998; Chiarello et al., 2006; Hausmann et al., 1998; Kent, 1998; Nicholls & 
Searle, 2006). Interestingly, human babies feature right mouth asymmetry during babbling, 
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which is suggestive of left cerebral lateralization even during pre-linguistic stages of 
human language development (Holowka & Pettito, 2002).  In contrast, a left lip bias 
suggests that language processing is right hemisphere lateralized in AWS which 
corroborates past investigations into stuttering (Biermann-Ruben et al., 2005; Blomgren et 
al., 2003; Braun et al., 1997; Code et al., 2005; De Nil et al., 2000; Neumann et al., 2003; 
Preisbich et al., 2003; Salmelin et al., 2000; Van Borsel et al., 2003; Walla et al., 2004). 
Additionally, the link between stuttering and emotion in AWS cannot be dismissed 
(Bloodstein, 1987; Craig et al., 2003; Ezrati-Vinacour & Levin, 2004; Guitar, 1997, 2003, 
2006; Menzies et al., 1999; Messenger et al., 2004; Miller & Watson, 1992). AWS often 
link their stuttering to emotional reactions and report anticipatory anxiety prior to speech 
production particularly in high stress situations (Alm, 2004). Past emotional conditioning 
associated with speech production may result in overactivation of the right cerebral 
hemisphere (Boberg et al., 1983). In addition, there is evidence suggesting that changes in 
language use may occur after fluency treatment which may be indicative of changes in 
attitude towards speech production (Spencer et al., 2005). AWS have been reported to 
shorten conversations in order to avoid stuttering (Corcoran & Stewart, 1998, as cited in 
Spencer et al., 2005). Following treatment, AWS have been observed to increase the use of 
modality in their conversation. Modality is an expression of indeterminancy which 
communicates opinions and attitudes (Halliday, 2004; Spencer et al., 2005). Modalities 
such as I think…, I don’t believe…, and Couldn’t it be? prolong the conversation between 
speaking partners (Spencer et al., 2005). This finding related to language use suggests that 
attitudes and emotions play a crucial role in speech production in AWS. In addition, the 
right cerebral hemisphere which is dominant for language processing in AWS has also 
been associated with emotional processing (Borod et al., 1988; Bourne, 2005; Davidson et 
al., 2004; Killgore & Yurgelun-Todd, 2007). Code et al. (2005) suggested that activation of 
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the right hemisphere in AWS maybe linked to emotion specifically anxiety, as a result of 
directed attention to speech production. Thus, emotion associated with speech production 
is considered in the following sections.   
 
The Right Hemisphere Hypothesis 
One of the original hypotheses to be tested in the present study was the Right 
Hemisphere Hypothesis. This hypothesis was based on previous work related to emotion 
and facial expression. The general premise of the hypothesis is that all emotional 
processing is lateralized to the right cerebral hemisphere and thus displayed more intensely 
on the left side of the face as a result of contralateral innervation (Borod et al., 1988). 
Although this is the first such study to link aspects of normal and disordered speech 
production to this hypothesis, two possible outcomes were expected. First, assuming 
speech is a form of emotional expression, it was expected that both AWNS and AWS 
would show lip EMG dominance on the left side of the face. Alternatively, it was proposed 
that AWS might show significantly more left-side dominance compared to AWNS because 
of the strong negative emotions associated with the anticipation and execution of speech. 
In the present study, there was a pattern of elevated EMG activity on the left side of 
the mouth in AWS which is indicative of right cerebral participation. This finding is 
further reinforced by the significant correlation between LU and LL EMG signals for the 
AWS speakers. The neurophysiological phenomenon of contralateral innervation of facial 
muscles means that cerebral participation of one hemisphere will feature prominently on 
the contralateral side of the mouth. Since the Right Hemisphere Hypothesis asserts that the 
right cerebral hemisphere is dominant for emotional expression, greater left mouth activity 
as a consequence of greater right cerebral participation in AWS maybe a product of 
emotions related to speech (Cowie & Cornelius, 2003). Past research investigating the 
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psychological aspects of stuttering have cited negative emotions as a component of the 
stuttering experience (Craig et al., 2003; Ezrati-Vinacour & Levin, 2004). A classic theory 
of stuttering, the Anticipatory-Struggle Hypothesis (Bloodstein, 1987) credits negative 
emotion as the source of stuttering.  The supposition of this classic theory is relevant to the 
present study as all AWS participants reported that they found speech production to be a 
relatively negative experience. Interestingly, more recent research has reported higher 
anxiety levels and also increased reactivity in AWS (Alm & Risberg, 2007; Guitar, 2003). 
The results of the present study obtained from the EMG data, paired with the anecdotal 
reports by the AWS participants, is consistent with the Right Hemisphere Hypothesis and 
the notion of right lateralized cerebral processing of emotion.  
Conversely, speech production was not expected to evoke negative emotions but 
either a neutral or positive experience in AWNS. In the present study, all lip sites showed 
highly correlated EMG amplitude, with the highest amplitude on the right side of the face 
which is indicative of left hemisphere dominance for both speech and non-speech tasks. 
AWNS participants featured reduced left lip activity or right hemisphere participation in 
comparison to AWS participants which maybe suggestive of a lack of emotion (either 
positive or negative) related to speech production. Additionally, several studies have 
reported a larger right mouth bias during speech tasks similar to those employed in the 
present study than simple repetitive oral movements (Caldabert et al., 1994; Wohlert & 
Goffman, 1994). In the present study, the pattern of cerebral activation related to emotion 
during the non-speech task is assumed to be an effect of the instructions given for the task. 
For non-speech samples, participants were asked to purse their lips as they would when 
saying the word “pool”. The instructions would suggest similar processing for both speech 
and non-speech tasks during the initial stages but with suppression of vocalization at the 
final juncture for the latter task.  Consequently, the non-speech task is expected to generate 
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similar cerebral activation and associated emotions to those of the speech tasks in both 
AWS and AWNS.  
 
The Valence Hypothesis 
 The other emotion-based hypothesis evaluated in the present study is the Valence 
Hypothesis which makes a distinction between cerebral processing of positive and negative 
emotions. This hypothesis predicts that negative emotions will be processed in the right 
cerebral hemisphere while processing of positive emotions will be lateralized to the left 
hemisphere. The assumption in the present study was that requiring AWS to complete a 
series of speech and non-speech tasks would evoke negative emotion. Therefore, the 
Valence Hypothesis would predict greater EMG activity on the left side of the mouth of 
AWS participants as a result of cerebral lateralization of negative emotion. The significant 
differences between AWNS and AWS in lower lip EMG amplitude in the present study, 
was taken as support for the Valence hypothesis. The pattern of EMG activity documented 
in AWNS participants can be interpreted in two ways. Firstly, the high correlation among 
the four sites is suggestive of absent or reduced negative feelings associated with speech. 
Alternatively, the consistently high EMG amplitude on the right side of the face indicative 
of left cerebral activity would be suggestive of positive emotions related to speech. In 
AWS, the elevated EMG on the left side of the mouth can be construed as greater right 
cerebral participation. Additionally, the significant correlation between LU and LL EMG 
signals for the AWS speakers also confirmed lateralization on the left side of the mouth. 
This pattern of left lip asymmetry can be interpreted as the presence of negative feelings 
associated with speech in AWS.  
     The suggestion that both the Right Hemisphere Hypothesis and Valence Hypothesis 
are supportive of the present findings is not necessarily a contradiction. Killgore and 
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Yurgelun-Todd (2007) speculate that cerebral processing of emotion may occur in parallel 
and is task dependent. In their study, participants were presented with chimeric sad (half 
sad/ half neutral) and chimeric happy (half happy/half neutral) faces to their left and right 
visual fields. For left visual presentations, regardless of emotion type, the right cerebral 
hemisphere was reliably activated (although greater activation was detected for negative 
emotion), thereby providing evidence for the Right Hemisphere Hypothesis. When happy   
chimera was presented to the right visual field, cerebral activation was detected in the left 
hemisphere, providing support for the Valence Hypothesis. Interestingly, presentation of 
sad chimera to the right visual field activated both hemispheres. These findings based on 
right visual field presentations are consistent with the Valence Hypothesis while those of 
the left visual field substantiate the Right Hemisphere Hypothesis. Based on these results, 
Killgore and Yurgelun-Todd advocate a unified model of processing where the right 
cerebral hemisphere is dominant for processing emotion regardless of valence with the left 
hemisphere operating in limited capacity. 
 
Other Basis for Lip Asymmetry 
Additionally, Wolf and Goodale (1987) posit that the observed asymmetry is a 
consequence of the efficiency of the right lip in initiating movement as a result of direct 
neural access. The contralateral pathway is functionally stronger than the ipsilateral 
pathway (Kent, 2004b). In other words, lip asymmetry is a corollary of the direct and 
stronger connection of the right lip to the left cerebral hemisphere which is responsible for 
sequenced oral movement (Wohlert & Goffman, 1994). The right lip is also anticipated to 
open slightly larger than the left lip at any given time since it initiates movement sooner 
than the left lip (Nicholls & Searle, 2006). In addition, functional muscle asymmetry of the 
lips may result from asymmetry of muscle strength or development. For example, 
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asymmetry of gait is associated with asymmetry of muscle strength (Maupas et al., 2002). 
In most right-handed individuals, the right side of the body is stronger and the right limb 
initiates movement while the left limb is responsible for support (Sadeghi et al., 2000). 
Accordingly, lip asymmetry may be associated with asymmetry of facial muscle strength. 
Graves and Landis (1990) reported a higher number of right lip asymmetry in right-handed 
than left-handed AWNS males which suggest that lip asymmetry may feature a similar 
trend to limb asymmetry. The right lip may initiate movement due to greater muscle 
strength. Accordingly, AWS may feature greater strength on the left side of the face and 
initiate movement with the left lip.   Furthermore, initiation of lip movement may be 
coupled with the timing of cerebral activation. In several investigations of verbal and non-
verbal oral movement in AWNS, activation of the left cerebral hemisphere preceded the 
right (Palolahti et al., 2005; Saarinen et al., 2006).  Hence, earlier initiation of right mouth 
movement may be a consequence of earlier activation of the left cerebral hemisphere. 
Accordingly, the reversed pattern of lip asymmetry in AWS may suggest reduced 
connection between the right lip and left cerebral hemisphere, reduced right facial muscle 
strength, and/or activation of the right cerebral hemisphere prior to the left.  
Although structural asymmetry of facial muscles at neutral expression does not 
offer a complete explanation for lip laterality, it does however offer further insight into 
laterality associated with muscle activity. Schmidt et al. (2006) found male faces to be 
structurally more asymmetrical than female faces even at rest. Males tended to have larger 
left faces. Not surprisingly, the lateralization of facial expression was directly affected by 
the degree of asymmetry of neutral facial expression. Therefore, lip asymmetry in the 
present study may have been bolstered by the recruitment of only male participants.  
 
 
  
 112 
Limitations 
The limitations of the present study discussed in the sections below include those 
related to participant recruitment, speech muscles, rate and intensity variations, data 
analysis and the nature of speech and non-speech tasks.  
 
Participant Recruitment 
In the present study, only five participants were recruited for each group. Similar 
research (Wohlert & Goffman, 1994; Wohlert & Hammen, 2000; Wohlert & Smith, 2002) 
investigating lip muscle activity enlisted twice the number of individuals than the present 
study. Although, differences were found between AWS and AWNS in regard to lip 
activity, the result must be interpreted with caution due to the small sample size. The 
heterogeneity of AWS as a group calls for a larger sample size. In addition, results of the 
present study cannot be generalized to female AWS who have been documented to be less 
lateralized than AWS males for speech processing (Ingham et al., 2004).  
Previous brain imaging studies of AWS have reported greater activation of the right 
cerebral hemisphere specifically the right front operculum as a compensatory mechanism 
(Giraud et al., 2008; Preisbich et al., 2003). AWS with less severe stuttering demonstrate 
greater activation of the right frontal operculum than AWS who are more severe (Giraud et 
al., 2008). Thus, the participants in the current study who ranged from very mild to 
moderate severity may only be a small subset of the AWS population who feature left lip 
asymmetry as a consequence of greater activation of the right frontal due to increased 
compensation. 
The present study did not consider differences in fluency treatment programs 
related to the AWS. Although more volitional control of speech processes is common to 
most fluency treatment programs, the specific nature of the programs may differ. In the 
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present study, most of the AWS (2, 3 & 4) participants utilized the prolonged-speech 
technique which is the basis of the Camperdown program while one participant (AWS 5) 
utilized the costal breathing technique advocated by the McGuire program. Due to the 
small sample size of the current study, direct comparisons cannot be made between the two 
programs in the present study. However, both treatments resulted in varying degrees of 
reduced speech naturalness. For future investigations, the specific nature of treatment 
programs utilized by participants should be considered as they directly alter the physical 
aspects of speech production (Tasko et al., 2007).  
 
Speech Muscles 
Although surface electrodes have the benefit of being non-invasive, that same 
characteristic means that the recorded EMG signal is likely a composite of activity from 
more than one muscle (McClean & Tasko, 2003). Therefore, interpretations involving 
single muscle recruitment must be made with caution. The EMG signals recorded in the 
present study are likely to be a composite of various muscle activity in the vicinity of the 
OO that insert into the upper lip (Blair & Smith, 1986; Stegeman et al., 2000). Also, 
individual variations in muscle size and orientation impact electrode placement and 
consequently, measurements of muscle recruitment (Wohlert & Smith, 2002).  Anatomical 
variables such as fat layer distribution and skin characteristics vary between- and within- 
individuals and may confound evaluations of asymmetry (Fridlund, 1988; Wohlert & 
Hammen, 2000). 
Secondly, speech production is an amalgamation of various systems and 
musculature that requires precise coordination. Stuttering has been described as a 
disintegration of articulatory coordination (Loucks et al., 2007). Therefore, to obtain a 
clearer picture of speech production and cerebral control, other speech structures must be 
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evaluated concurrently with the upper and lower lips. Besides the OO, Shapiro (1980) 
observed high levels of muscle activity in the larynx and tongue of AWS. Additionally, 
excessively high EMG activity of the jaw muscle has been cited (Kalotkin et al., 1979). 
These results of these studies advocate the importance of evaluating multiple systems 
related to speech production in addition to the upper and lower lips to accurately assess 
neural input and coordination in AWS. 
 
Rate and Intensity Variations 
EMG amplitudes are directly correlated with speech rate and intensity. Increases in 
speech rate and loudness will increase EMG amplitude (Wohlert & Hammen, 2000). 
Additionally, the rate of speech has been documented to influence cerebral activation 
(Munhall, 2001). In the present study, participants were asked to read at their habitual rate 
and loudness but there may be considerable variability in “habitual” speaking rate and 
loudness between individuals. This was clearly evident in the present study. The lowest 
and highest recorded amplitude for the speech tasks were 4.41 uV (AWS 2 during /f/-word 
production) and 663.28 uV (AWNS 2 during single-sentence reading), respectively. The 
varying levels of loudness and speed related to individual variations in “habitual” speaking 
conditions may have served to confound the EMG signal. This is postulated to be 
particularly acute in the present study where all of the AWS participants have reported a 
history of speech therapy. Most fluency enhancing programs employ slow rate of speech as 
a technique (Andrews et al., 1983). Reduced rates of speech will result in lower EMG 
amplitudes. In the present study, although the locations of the highest and lowest EMG 
values were in opposition for AWS and AWNS, visual inspection of the data suggests that 
the absolute values of the EMG signal without regard to location were not significantly 
different. This is in contrast to past AWS investigations that have reported excessive 
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muscle activity in numerous speech structures including the lips (Platt & Basili, 1973; 
Shapiro, 1980; van Lieshout et al., 1993, 1996a). Therefore, it is likely that in the present 
study, the EMG signal was affected by fluency treatment. Previous research has shown that 
a decrease in speech rate can be accompanied by a decrease in intensity (McClean & 
Tasko, 2003).  It is possible that AWS in the present study presented reduced rate of 
speech as a consequence of fluency treatment which would result in reduced EMG 
amplitudes.  
 
Data Analysis 
 Although, the measurement of peak EMG amplitude employed in the present study 
was an indicator of the highest amplitude of lip muscle activity, it may not accurately 
predict or reflect overall movement of the perioral muscles during speech and non-speech 
tasks. An alternative approach would have been to consider the changes in EMG signal, 
which is presumed to be a direct gauge of the variability in cerebral input and muscular 
effort (Ingham et al., 2006; Wohlert & Smith, 2002). However in the present study, only 
ten samples for each phoneme or sentence production were available for analysis. The low 
sample size negates the use of variability measurement in the EMG signal. While 
measurement of average amplitude has been employed in previous studies (Wohlert & 
Hammen, 2000; Wohlert & Smith, 2002), it was not utilized in the present investigation 
because speech rate and intensity changes which are known to affect EMG signals were 
not directly controlled (Wohlert & Hammen, 2000).  
 
Nature of Speech and Non-speech Tasks 
Past studies of AWS have shown that the degree of disfluency varies according to 
speech conditions. Chorus reading, lipped speech, prolonged speech, rhythmic speech, 
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shadowing, singing and slowed speech have been known to enhance fluency while 
increased stuttering has been linked to spontaneous speech (Andrews et al., 1983). In 
addition, cerebral activation is expected to differ according to cognitive demands placed by 
different speech conditions (Braun et al., 1997). The present study employed single-word 
production and single-sentence reading as speech tasks, and lip pursing as a non-speech 
task to evaluate hemisphere activation in AWS and AWNS. However, single-word 
productions, single-sentence reading and lip pursings may not accurately reflect the 
cognitive demands placed on AWS and AWNS for day-to-day speech processing. For 
example, past research suggests that the demands of propositional speech will generate 
greater left hemisphere activation as opposed to automatic speech in AWNS (Wolf & 
Goodale, 1987).  Further, Braun et al. (1997) reported changes in cerebral activation as a 
result of increasing disfluency. Increased activity was observed in various regions of the 
left hemisphere as AWS participants became increasingly disfluent during spontaneous 
narrative speech and sentence construction tasks which more closely replicate daily speech 
conditions. Therefore, one might expect differences in hemispheric activation and 
accordingly, lip muscle activity between AWS and AWNS to increase as a function of 
cognitive demands and associated emotions related to speech processing. Accordingly, 
experimental tasks must be able to reflect various cognitive demands related speech 
production in AWS. 
 
Other Methods of Evaluations  
 As previously mentioned, lip asymmetry was apparent in studies based on acoustic, 
video and electronic tracking assessments (Code et al., 2005; Graves et al., 1982; Graves & 
Potter, 1998; Hausmann et al., 1998; Nicholls et al., 2004; Wolf & Goodale, 1987). In 
contrast, results based on EMG activity have been ambivalent (Wohlert & Goffman, 1994; 
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Wohlert & Hammen, 2000; Wohlert & Smith, 2002). In light of the equivocal outcomes 
generated by EMG procedure, other methods of evaluating cerebral lateralization in 
addition to EMG should be employed concurrently to provide a more comprehensive and 
accurate assessment. Further, each participant’s emotion attached to speech and non-
speech tasks was not formally evaluated in the present study. Although the AWS 
participants reported that they generally associated speech production with negative 
emotions, and the opposite were expressed by the AWNS participants, the assessment of 
emotion was not quantified. Instruments for describing the emotional state that are 
expressed in speech are available (Cowie & Cornelius, 2003). Cerebral activation related to 
both positive and negative emotions in the absence of speech production should be 
assessed and may provide a basis for comparison to emotion related to speech production. 
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Directions for Future Research 
 Past brain imaging studies have highlighted differences between males and females 
in cerebral activation. AWNS males exhibit more left-lateralized activity than AWNS 
females who were more bilaterally activated during language processing (Bourne, 2005; 
Kent, 1998). This pattern has also been observed in AWS individuals with the difference of 
right-hemisphere lateralization for language processing in males (Ingham et al., 2004). 
Interestingly, investigations of lip asymmetry related to sex have been equivocal.  Wolf 
and Goodale (1987) documented greater lip asymmetry in AWNS females than AWNS 
males. While Hausmann et al. (1998) and Graves et al. (1982) reported greater lip 
asymmetry in AWNS males. Differences in lip asymmetry associated with gender may be 
a consequence of disparities in the mode of linguistic and motor processing related to the 
nature of the tasks. The studies by Graves et al. and Hausmann et al. investigated lip 
asymmetry during continuous word production where participants were asked to describe a 
picture or generate words starting with certain phonemes. In contrast, Wolf and Goodale 
investigated lip asymmetry in single-movement word productions where the participants 
reproduced syllables or movements demonstrated by the experimenter. The discordant 
results may be ascribed to differences in language processing due to disparities in cerebral 
representation between males and females, and the nature of the tasks (Kent, 1998). 
Accordingly, observations of lip asymmetry (or the lack of it) in males cannot be 
generalized to females. The present study consisted of ten males, five of whom were AWS. 
Future research must include female participants to address gender differences in cerebral 
activation and lip movement. 
 Additionally, future research should evaluate AWS with- and without history of 
fluency treatment to evaluate the influence of treatment on cerebral activation patterns. 
Cerebral activation is anticipated to differ as a consequence of fluency enhancing 
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techniques. Neumann et al. (2003) reported increased left cerebral activation after therapy 
in AWS.  Therefore, future investigations should include AWS with varying degrees of 
stuttering severity to evaluate differences in cerebral activation. Differences in orofacial 
movements (including the lower lips) associated with stuttering severity have been 
reported (McClean et al., 2004). AWS in the present study ranged from very mild to 
moderate stuttering. Several studies have reported greater activation in the right inferior 
frontal cerebral regions of AWS of moderate severity in comparison to AWS who were 
more affected (Neumann et al., 2003; Preibisch et al., 2003). Disparities related to 
stuttering severity are expected to manifest in cerebral activation and lip activity. 
Differences in treatment programs must be considered as they directly affect speech 
production (Tasko et al., 2007). Future investigations, should recruit participants that 
employ similar techniques for fluency if the efficacy of the programs are not under 
scrutiny. 
 Stuttering has been viewed as a multifactorial disorder related to both anatomy and 
function (Smith & Kelly, 1997). Past research has linked stuttering to other speech 
structures besides the lips including the larynx, jaw and tongue. Therefore, investigations 
focused only on lip muscles offer a limited view of the mechanisms and neural input 
involved in speech coordination and processing. Future investigations must include other 
speech structures. In addition, speech production is not a static phenomenon. Hence, future 
investigations should include kinematic measures that will offer a more complete and 
dynamic view of speech motor behavior and its related neural input. 
EMG signals are affected by speech rate and intensity (Wohlert & Hammen, 2000). 
For future research, rate and intensity variables must be closely monitored. In addition, 
variations in orofacial activity and movement related to alterations in speech rate and 
intensity should be evaluated as they may help elucidate neural processes related to speech 
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processing (McClean & Tasko, 2003). Variations in habitual speech rate and loudness 
should also be considered. Measurements recorded during experimental tasks can be 
reported as a change from individual baseline or rest condition. Changes in speech clarity 
must also be examined as it is anticipated to involve motor control reorganization and may 
be similar to changes in speech intensity in terms of EMG activity  (Wohlert & Hammen, 
2000). Furthermore, resting potential must be considered in investigations of muscle 
asymmetry. Past investigations have highlighted asymmetry in muscle resting potential 
(Schmidt et al., 2006; Schwartz et al., 1979). The asymmetry of muscle resting potential 
may serve to confound measurements of asymmetry during experimental tasks and must be 
considered to accurately ascertain cerebral input. 
Other speech and muscle parameters including durations of muscle activity and lip 
movement onset should be evaluated as they offer insight into speech planning and 
execution. Past studies have reported delayed movement of the lips, longer durations of lip 
muscle activity, slower speech onset and reversed sequence of lip movement in AWS when 
compared to AWNS even during fluent speech (De Nil, 1995; Logan, 2003; van Lieshout 
et al., 1996a, 1996b). Studies that include assessments of muscle duration and movement 
onset will offer better insight into speech planning and motor behavior.  Consequently, 
EMG activity prior to-, during- and after-movement execution should be evaluated to 
accurately determine changes in EMG signal which is assumed to be a direct gauge of the 
variability in cerebral input during various phases of speech organization (Wohlert & 
Smith, 2002).   
Linguistic demands and consequently, competition between cerebral hemispheres 
for neural resources have been cited as a component in stuttering (Bernstein-Ratner, 1997; 
Perkins et al., 1991; Starkweather & Gottwald, 1990). Bosshardt and Fransen (1996) found 
that AWS processed linguistic information at a slower rate than AWNS. Therefore, future 
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studies must encompass speech conditions that allow AWS to operate within the “normal” 
limits of fluency and those that are “stutter-inducing” to elucidate differences in neural 
processing and motor control.  In addition, common practices in stuttering therapy such as 
pseudo-stuttering and prolonged speech should be investigated as they will offer insight 
into neural processing of AWS. One would expect a shift towards “normalized” pattern of 
lip activity in AWS as an indication of changes in cerebral activation as a consequence of 
reduced compensatory mechanism or changes in language use following fluency treatment. 
Past studies employing other methods of evaluation such as video imaging and 
facial tracking have consistently reported lip asymmetry while those employing EMG have 
been erratic. Future investigations should include various forms of evaluations to eliminate 
the possibility of equipment or recording procedure as a confounding factor. In addition, 
video and acoustic measures obtained concurrently with muscle activity may provide a 
more comprehensive evaluation speech processing in AWS. 
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Summary and Conclusion 
Based on examination of peak EMG amplitude at four lip sites around the mouth, 
significant differences were found between speaker groups.  There was a pattern whereby 
the highest and lowest EMG values at the lip locations were in direct opposition for the 
AWS and AWNS groups. The highest EMG amplitude for the AWS and AWNS groups 
were on the left and right sides of the mouth, respectively. The disparity in the location of 
highest EMG amplitude is suggestive of differences in cerebral activation during speech 
production, that is, AWS were right hemisphere dominant while the AWNS were left 
hemisphere lateralized. The most compelling evidence of differences between the groups 
was in regard to the correlations between EMG signals at various lip locations. The AWNS 
groups showed significant correlations between the four lip sites, suggestive of synchrony 
in EMG activity during the production of speech and non-speech tasks. In contrast, the 
AWS group only demonstrated a significant correlation between the upper and lower lip 
muscles on the left side of the face, indicating a lack of overall synchronous lip activity 
during speech and non-speech tasks. The pattern of lip activity demonstrated in the present 
study was taken as evidence of differences between AWS and AWNS in cerebral 
activation governing lip EMG activity at the moment of speech production and is 
consistent with previous investigations reporting reversed cerebral lateralization for speech 
and asymmetry of mouth opening in AWS.  
The results of the present study also confirm EMG as a method for evaluating 
mouth asymmetry at the moment of speech production. In addition, the results were also 
consistent with the Right Hemisphere and Valence Hypotheses of emotional expressions 
reinforcing the need to quantify and examine the contribution of emotion to speech 
production in AWS.  
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Appendix I 
Edinburgh Handedness Inventory Questionnaire (Oldfield, 1971). 
 
Note: Questions # a. and b were adapted from the Elias and Bryden (1998). 
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The Edinburgh Handedness Inventory Questionnaire 
    
        
Date:        
Time:        
Participant:       
Age:        
Please check the box that applies to you.       
  
Which hand do you prefer? 
 
Do you ever 
use the other 
hand? 
  LEFT RIGHT EITHER  YES NO 
1 Writing            
2 Drawing            
3 Throwing            
4 Scissors            
5 Toothbrush            
6 Knife (without a fork)            
7 Spoon            
8 Rake (upper hand)             
9 
Striking a match or 
lighter            
10 Opening a box (lid)            
        
a 
Which foot do you 
prefer to kick with?          
b 
Which eye do you use 
when using only one?          
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Appendix II 
Background Questionnaire 
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Background Information 
 
1. Do you have any known neurological disease? If yes, elaborate 
 
 
 
 
2. Are you currently on any medication? If yes please describe. 
 
 
 
 
3. Have you ever stuttered? Yes or No 
If the answer is "Yes", please describe the age of onset and your current speech. 
 
 
 
4. Have you ever received therapy for stuttering? Please describe the therapy. 
 
 
 
 
5.   Do you have family members (immediate or otherwise) that stutter? If you do, 
how are they related to you and what is their speech like? 
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Appendix III 
University of Canterbury Human Ethics Approval and Consent Forms 
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Department of Communication Disorders 
 
 
 
Project Information 
 
 
You are invited to participate in the research project, “Hemispheric activation as 
indicated by lip activity in individuals who stutter”. 
 
The goal of this study is to examine brain activity that occurs in people who stutter 
compared to people who do not stutter.    
 
As a participant, you will be asked to name a total of 80 pictures and to purse your 
lips a total of 20 times. To record the lip activity, electrodes will be placed in 8 
different locations around your lips. You will be asked to clean around your lip 
area with an alcohol wipe. This will remove any skin or hair oils which can 
interfere with electrode to skin contact. It will take approximately one hour to 
complete these tasks. You may choose to discontinue your participation in the 
project at anytime throughout the data collection period. 
 
The results of the project may be published, however you may be assured of the 
complete confidentiality of data gathered in this investigation; the identity of 
participants will not be made public without their consent. To ensure anonymity 
and confidentiality, the information gathered will be assigned a number and all 
identifiable information removed. Data will be kept in a locked filing cabinet within 
a lockable room in the Department of Communication Disorders and will be 
destroyed on completion of the research. The researcher and her supervisor will 
be the only authorized persons to have access to the data. 
 
The project is being carried out as a requirement for a M.Sc. in Psychology by Ai 
Leen Choo, (e-mail: alc78@student.canterbury.ac.nz) under the supervision of 
Professor Michael Robb, who can be contacted at the University of Canterbury on 
364-2987 (ext. 4813). They will be pleased to discuss any concerns you may have 
about participation in the project. 
 
The project has been reviewed and approved by the University of Canterbury 
Human Ethics Committee. 
 
 
 
 
 
University of Canterbury Private Bag 4800, Christchurch 8020, New Zealand.  
Tel: +64 3 364-2987 x7077, Fax: +64 3 364 2260  
www.cmds.canterbury.ac.nz 
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Department of Communication Disorders 
 
Ai Leen Choo 
Department of Psychology/ Communication Disorders 
University of Canterbury 
Creyke Road 
Ilam 
October 1, 2007 
 
 
 
Consent Form 
 
 
“Hemispheric activation as indicated by lip activity in individuals who stutter” 
 
I have read and understood the description of the above-named project. On this 
basis, I agree to my participation in the project, and I consent to publication of the 
results of the project with the understanding that anonymity will be preserved. 
 
I understand that I may withdraw from the project at any time, including withdrawal 
of any information I have provided. 
 
 
PARTICIPANT’S NAME (please print):  
 
……………………………………………………..………………………………… 
 
 
Signature: 
 
 
Date: 
 
 
 
 
 
 
 
 
 
University of Canterbury Private Bag 4800, Christchurch 8020, New Zealand.  
Tel: +64 3 364-2987 x7077, Fax: +64 3 364 2260  
www.cmds.canterbury.ac.nz 
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Appendix IV 
Sample of the pictures presented to the participants. 
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Panels A and B are pictures of words beginning with /f/: fish and four. Panels C and D are 
picture of words starting with /p/: pig and purse. 
 
 
 
 
 
 
 
 
 
 
